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FOREWORD

' . I3 s » TR W3 . ’
This report presents a study to identify Reliability, Maintain-
ability, and Safzty Growth Trends on helicopters. The work was
conducted under Contract Number P. 0, 20478 for the Institute
of Defense Analysis (IDA), Arxlington, Virginia.
IDA technical direction was provided by Mr. Noyman J. Asher.

»
Project Engineexr for the Boeing Vertol Company was Mr. J. J.
Dougherty, 1II of the Product Assurance R&D unit. Principal
Investigator for the study was Mr, 0, L. Sandora, also of the
Product Assaurance R&D unit. Program Management and Technical
Direction were provided by Mr. K. G. Rummel, Manager, Product

’ Assurance Research & Development,
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1. INTRODUCTION

Helicopters have consistently exhibited relatively high
unscheduled maintenance requirements because of the great
percentage of high reliability risk and high-cost compon-
ents needed for the helicopters unique performance capabil~
ities, This tendency towards high maintenance requirements
has generated concurrence among both the contractor and
customer that improved reliability must be achieved without
a long and expensive period of in-service product improve-
ment. High injtial reliability can be achieved only through
a well-executed analytical design apyroach and an enthusias~
tic and well~controlled developmental testing effort.

The primary reliability effort in the design stage is the
analysis and evaluation of the aircraft design and develop~
ment. of Reliability Predictions, Recent work has shown that
a point estimate of aircraft or component reliability is
meaningless unless accompanied by a guantification of the
time in the coOmponents maturity (development) cycle for
which the estimate is relevant.

Reliability growth prediction techniques have been employed
to estimate the number of developmental test hours required
to achieve a desired level of reliability with increased
confidence in the technology.

However, since reliability continues to be improved by the
Product Improvement pracess throughout most of the in~
proluction life of a helicopter, it is necessury to under-
stand this growth process. The magnitude and the factors
affecting this growth process must be determined and quanti~
fied if future aircraft programs are to be optimized.
Development cOsts and O&M costs must be viewed as intimately
related to reliability. The key to minimum total system
costs is the understanding of the reliability growth process
througn the development and operational phases,

BY-1



2. DOCUMENTATION OF AMALYSIS

Historically, reliability of helicopters has increased with
each new generation of aircraft, as well as increasing during
the i-~ervice phase of each individual aircraft, In order

to understand these growth patterns and the impact that
ajireraft raliability growth has on mission raliability, safety
reliability, availability and maintenance manhour expendijtures,
an anslysis of in-service aircraft data is essential,

This can hest be achieved with a compilation of reliahility
growth experience at the aircraft component level, and the
impact on the above mentioned parameters after component
reliabilivy is analyzed: then total aircraft reliability
should be examined and conclusions drawn concerning the
factors affecting this growth process.

The data contained in the following chart identifies all

pertinent information developed under thic contract and
contained in this report.

BV~



CH~47
CH-47
CH-47
CH-47
CH~46
CH~46
CH~46
CH~46
Ca-47
CH-47
CH-47
CH-46
CH-~46
CH~46

DATA CONTAINED IN THIS REPOR

TASK 1

Total Aircraft R Growth Statistiass
Subsystem R Growth Statistics

Total & Subsystem R Growth Plots
Total & Subsystem R Growth Parameters
Total Aircraft R Growth Statistics
Subsystem R Growth Statistics

Total & Subsystem R Growth Plots
Total & Subsystem R Growth Payameters
Component R Growth Statistics
Component R Growth Plots

Component R Growth Parametexs
Component R Growth Statistics
Component R Growth Plots

Component R Growth Parameters

TASK 2

Safety Growth Statistics For The
UH-~1 Army, UH~1 Navy, H~2 Navy, H-3 Navy,
OH~6 Army, H-19 Navy, H~19 Army,
H-21 Air Force, H~2l Arxmy, H-34 Army,

H~34 Navy

CH~47 Army, CH-53 USMC, CH-54 Army
Composite Safety Growth Curves
Safety Growth Curves For All Above Aircraft
Safety Growth Parameters

CH~47
CH~47
CH~47
CH~47
CH~46
CH~46
CH~46
CH~46

TASK 3

Total Aircraft M Growth Statistics
Subsystem M.Growth Statistics

Total & Subsystem M Growth Plots
Total & Subsystem M Growth Parameters
Total Aircraft M Growth Statistics
Subsystem M Growth Statistics

Total & Subsystem M Growth Plots
Total & Subsystem M Growth Payameters

H~21 M Growth Plots

IARK A

Weight Effect on Cost
weight Effect on Maintanance
Maintenance Per Pound Growth Curve

BV~3

, H-37 Navy, H~37 Army, H~46 Kavy,

Table 1

Table 1

Figure 1-12
Table 2

Table %

Table 5

Figure 43-~66
Table 7

Tables 8 & 9
Figure 92~115
Tables 10 & 11l
Table 12
Figure 116~125
Table 13

Table 3

Figqure 25
Figqures 26~42
Table 4

Table 1

Table 1
Figures 13-24
Table 2

Table 6

Table 6
Figures 67-90
Table 7
Figure 91

Figure 126
Figure 127
Figure 128
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» IDA PROIECT T~105

1.0 INTRODUCTION

This report provides 0OH-6A Prototype and early Production Helicopter flight
test hours and failure data as required under IDA project T-105 (IDA Purchase
(] Order 20434)., These data are pregented in the following manner:

a, Failures in each IDA subsyatem category.

b. Failure types in three categories: Missjion, Flight Safety and Svstem
('nscheduled Maintenance Actions),

c. Failure totals and fallure rates per flight hour.

d. A monthly breakdown of flight hours and failures is presented when such

L4 information was available.

e, Maintenance manhours per flight hour data are provided when such informas-

tion was available.

2.0 DATA SOURCES

¢ 2.1 PROTOTYPE YOH~6 TDENTIFICATION
The prototvpe aircrafr are identified in the following table. Note that the
flight hours given are from first flight thru Mav 24, 1966 which is the date
of the first flight of production aircraft No. 1 (65~12916).
TOTAL TIME
] ATRCRAFT NO, BATE OF FIRST FLLCHT THR!' S$/24/66
1 Static Tests Only
2 (N9696F) 2/27/63 767
3 (N9697F) 4/11/63 264
4 (N9698F,62-12624) 6/2/63 403
5 (N9699F,62-4216) 9/23/63 720 =¥
4 6 (62-46211) 1/20/64 1269
7 (62-4212) 2725/ 64 324
8 (62-4213) 3713/ 04 810
9 (62-4214) 4/6/64 309
10 (62-4215) 4/30/64 608
¢ TOTAL 5474

“ Tie~down endurance vehicle; flown 13 haurs prior to start of endurance tests.
C petatl - lata provitted §or 8:7 hours,
2.2 PROTOTYPE DATA SOURUES

The prototype aircraft weve flown in various tesrs at manv scattered locations

L 4 Guring the time period in question. The resulr {¢ char the avallable histor-
ica. data regarding maintenance, flight hours, and fsilure rates is fragmented.
The best sources proved to be that for ships maintained at Culveyr Citv and
for the competicive flv~off tests which were more closels obgerved and reported.
The day-to-da. Culver ity maintenance and flight records for »0M-6 No, 3 and
wo. 5 were located and used. Competitive flv-off tests at Fort Rucker

. e




2.2.1

o
.
(V%)

(Logistical Evaluation and Tactical Suitability) provided total flight hour
and failure data for YOH-6 No., 6 and No.8. The combined flight time for these
four aircraft is 2300 hours and provides a representstive sample. The
competitive flv-off tests are described in paragraphs following:

Logistical Evaluation Test

Prototvpe No. 6 was flown to Fort Rucker in Feb, 1964 and began flight test
which accumulated 1000 hours by 'une of that vear.

The primarv purpose of the test was to evaluate parts failures and replacement
requirements when the aircraft was flown on an accelerated program. The fligh:
periods were scheduled for 2% hours with a 15 minute turnaround. Four mission
profiles were used which included nearlv everv tvpe of flight that can be
performed with a helicopter. 1n all, s total of 3867 landings and takeoffs
were made during the 1000 hr. test period. This type of flving quickly

brought anv subsvstem or component deficiencies to light.

Secondarv pruposes of the test were an evaluation of the preliminarv MAC,
component replacement schedules, mechanics training, and bot:: standard and
special tool requirements.

Tactical Suitabilitv Test

This test was also performed at Fort Rucker using Prototvpe XNo. 8 primarilv
and lo. 10 for a short period. The tests were conducted from March thru 'une
of 1964 and were intendrd to check the N-6 within the whole tactical envir-
onment. An engineering svstem of ratinus was used in making evaluations.
Tests included transportability, grounx handling and hoistinec, ease of main-
tenance, manhours required for replacement of ma‘irr components, avionics
suizability, flight characteristics and mission siitebilitw. The preliminarv
MAC was evaluated as was personnel requirements. The flight evaluations
required 230 flight hours,

PROTOTYPE TRACKTIN(

*fforts to locate the Y0-h aircraft and data were non-productive in _eneral,

“owever, the followinu histor: was derived from the memnries of ‘iuches personnel

who were present durin: the period.

o, 1 Static Tests Onlv

o, 2 (. GROKTY was flown 13 hours and then tied down in a whirl cace at
Culver Citv for endurance tesrts. The aircraft was not
moved at conclusion of tests and the airframe is still in
place.

o, 3 (l9hRVTEY ‘nderwent veneral testing at (ulver Citw and armament firing
at (Camp Pendelton and Twentv-nine Palms. (rashed durinc
low level firine run when the pilot inadvertentlv flipped a
fuel switch instead of a vun safetv switch., Aircraft was
totaled. Pilot and passencer suffered minor inivries.

3est Avail

£
o
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2.4

No. &  (N9698F,
62-1262%

No. 5  (N9699F,
62-4216)
No. 0 (62-4211)

No. 7 (62-4212)

No. 8 (62-4213)

No. 9 (62-4214)

Yo. 10 (62-4215)

This aircraft is believed to have undergone flight testing
at Wripght Patterson.

Present whereabouts unknewn.

Underient extensive testing primarily from the Culver City

pase. Tasts lacluded FAA certificationm.

unkncwn.

Present whereabouts

This aircraft was used in log=-evaluation (1000 hour) tests
at Fort Rucker; was later sent to Fort Bragg and may
presently be at Wright Patterson,
iInderwent tests at Edwards AFB.
an enginearing evaluation type to provide data for the

Pilots Flight Handbook.
high altitude tests and wag rebuilt.

unknown .

Tegts were primarily of

Suffered a tail boom chop during
Present whereabouts

Flown at Edwards AFR and later was used i{n Tactical
Suitubility Tesats at Fort Rucker,
in record breaking speed and endurance runs and is believed

to be in a museun at Fort Rucker now,

This aircraft was flown

was flown at Edwards AFB, Bakersfield, and Yuma, last
known location was Aberdeen, Wash,
Was used in armament testing at Fort Rucker and Hunter-
Lirkget, Suffered a blade strike (trees) but was not

badly damaged.

PRODUCTION OH~-6A TDENTIFICATION

later was shipped to Paris for the Airshow.
Present location unknovn,

Production aircraft for which data are provided in this report are identified

in the following table.

HUCHES PKOD, NO,

25
24
K}
40
50

ARMY SER, NO,

65~12916
65~12917
65~12918
65~12919
65-12921
63~12923
65-12925
65~12926
65~12927

65~12929
65~12930

65~12940
65-12944
65~12946
65~12955
65~12965

DELIVERY DATE

10/66
10/66
10/66
10/66
10/66
12/66
12/66
12/66
12/66

1/67
2/67

2/67
4167
4L/67
4/67
5/67

e e i e+ i e eet—

Such historv as is avsilable is provided.

HISTORY

l'sed in Stateside

general testing and
training. No. 3 & 6
later suffered crash
damage and were re-
paired at HTC. No.

2 & 8 are bailed;

No. 2 at HTC, No. &

was destroyed in a crash.

Used in R&M demo. (ARU),
R6.15 later destroved in

a crash.
l'sed in confirmatory

tests (AKN). No. 25,
29 4 31 later suf-
fered crash damage

and were repaired

at HTC.
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PRODUCTTON DATA SOURCES

Data gources for production OH-6A are the R&M Demonstration (Fort Rucker),
Confirmatory Tests (Fort Knox) and Hughes Service and Operation Reports from
the field. Additional description of source data follows:

R&M Demonstration

The R&M (reliabilitv and maintainability) demonstration tests were performed at
Fort Rucker during the period of Feb, 1967 thru Aug, 1967. Production aircraft
No. 14 and No. 15 were each flown a total of 500 hours. Close records were kept
of all failures which were divided into three categories, Mission, Flight Safety,
and Svstem, The failures in each category were charged to the major subsvstem

(8 total) as appropriaste. Nine diffecent mission profiles were flown during this
program to provide a representative sample of all expected normal flights of the
aircraft,

Maintenance manhour records were kept for all maintenance actions during the
program and notations are provided as to the chargeable or non-chargeable
nature of the actions. Non-charreable maintenance actions are those concerning
CFE fen.ine and avionics), actions due to incorrect maintenance practice,

and a-c!dent or incident damage.

Confirmatorw Test Data

Confirmatorv tests were conducted at Foitt Knox during the period from Sept.
1967 thru 'une 1968, Five aircraft, (Prod No. 295, 29, 31, 40 and 50) were
flown durinv the tests for a total of 5269 hcurs.

in these tesis, primar. concern was the pinpointing of probhlem subsvstems and
components, the development of solutions for these problems, and confirmation
of the "fix'" wit! resultant increase in reliabilitwv.

The data availahle provides s stem and component total failures withiout
notation as to whic'- mav have heen classed as mission failures. An assumption
can »e made “owe e¢r - iuduemert of the nature of the failure. The data

are not divided ir.o calendar periods as regards fliuht hours or maintenance
actions.

Additional Production ‘ielicopter Data

Nata was extracted from Service and Operation Reports for nine production
elicopters listed in Paracrap’ 2.4. The data ‘or t'ese aircraft covers the

period from deliverw throush October, 1467; a total of over 4000 hours. The
cat-of{ date, and thiose particular aircraft, were chosen because oI their
enyvasement in *est or traininy activities within the 'mited States. Dates

3est Available Copy



HRS X 1000 CUM HRS.
16,609
15 T
Ralance of Fleet
(Viet Nam)
Thru Prod. #68
CUM HRS.
10 7 10,911
Prod No. 1 thru 18
(Test & Training-
Stateside)
CI™ HRS,
5 4 5474
PROTOTY PES
—+ r +
2-63 2-64 2-66 I 2-67 Tﬁ
First 5-66 Thru 10-67
Proto First Record Period
Flight Prod
Flight

FICURE 2-1 TOTAL FLEET HOI'RS FOR RECORD PERIOD

be ool thiw period, and later aircraft, do net provide a representative somple due

too artime activities. e cver, a grdaph of the total OH-6 flect hours;
f.r the re: rd perind is provided ivo figure 2-1. The failure rate Jdata is provided
nlv oin terms of total tailures and flight hours. Monthly breakdo m informatrion is

ot vt bt

&
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SUBSYSTEM CATECORIES

1DA subsvstem categories used in this report include Hughes subsystems as shown

in the following chart:

1DA SUBSYSTEM CATE(CORY HUCHES SUBSYSTEMS
Complete helicopter 01 Complete Helicopter
Rotors 10 Main Rotor

16 Tail Rotor
Airframe Components ‘ 20 Fuselage

35 Tail Boom

36 Stabilizer

40 t'tility Equipment

60 Llanding Cear

70 Flight Controls
Transmissions and Drives 50 Drive Svstem
Power Plant 77 Fnuine Controls

R0 Power Plant

Bl ryel Svstem

82 Exhaust

83 0il Svstem
Instruments 41 Flectrical

42 Exterior-Interior Liughting

45 Instruments
Communications 44  Radio
“eapon Svstems 47 Armor, Armament

CRTITERTA AYD DEFINITIONS

ite followin, criteria were used in preparinyg th.is report. Abhreviations used

in ti:e ta~les are also defined.

vS - ¥liytr-Cafet. failures of the carastrophic tvpe

retirn-to-sase, or precauticnar- landinu.

- “igsion failures of the tvpe causing cancelled flivht plan, premature

¢ - vogtem tailures are unscheduled maintenance actions due to pilots squawks
or defects found durins inspections. Includes items for w ich maintenance

ma- e deferred wittont creatin. a fli.lit safet- hazard.
- ‘tailure rate per flivht Your.
[
‘ - -ar.ea le items are all qualif-in: failures listed ahove.

“est Avallebie Copy
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53

5.0

5.1

NC - Non-chargeable items include parts removed for access to faulty
parts, parts removed in error during fsult fsolation, parts damesged
due to incorrect maintenance practices, cannibalization, accident
damage, and scheduled (TRO) removals.

CtM = Cumulative
LOC - Location during test period:

AAB - Aberdeen or Phillips AAB
AKN - Fort Knox

ARU! - Fort Lucker

EAF =~ Edwards AFB

HTC - Hughes, Culver City

SUMMARY
PROTOTYFPE DATA SIMMARY
FAI LURES
SHIP NO, 10C, FLT, HRS, MSN Fs SYS CUM FR/FH
3 HTC 264 8 0 105 113 0.4280
5 HTC 807 18 0 331 349 0.4325
6. ARU 1000 17 0 76 93 * 0.0930
8 ARY’ 230 9 0 93 102 0.4434
TOTALS (all) 2301 52 0 605 657 0.2855
TOTALS (excluding
# 6) 1301 35 0 529 564 0.4335

Failure rates for Ship 6 appear low when compared to other prototvpe aircraft.
This is possiblv due to the tvpe of testing performed. Records used are for
the 1000 'our lop evaluation test at Fort Rucker. The flight time there was
accumulated as quicklvy as possible and deferrable tvpe maintenance actions

mav not have heen recorded. C(FE failures (engine and communications equipment)
were not recorded or charzed. Refer to Table 6-5 for svstem details.

The data for ships No. 3, 5, and 8 were derived from dav-to-dav records and
include all (FE., Some difficulty was experienced in determining which main-
tenance actions were due to failures and which were work requirements for
specific tests., Bias, if anv, is toward the hipgh failure rate side. Refer
to tables 6-~1 throush 6-4 and 6-6 for detailed data.

- Best Available Gopy




5.2 R & M DATA SUMMARY (PRODUCTION)

SHIP NO. LOC. FLT_HRS.

12929 ARU 500

12930 ARU 500
TOTALS : 1,000

Refer to tables 6-7 through 6-10 for detailed data.

or charged.

FAILURES
MSN FS SYS CUM FR/FH
8 0 154 162 0.3240
8 0 190 198 0.3960
16 344 360 0.3600

5.3 CONFIRMATORY DATA SUMMARY (PRODUCTION)

SHIP NO. Loc
12940 AKN
12944 AKN
12946 AKN
12955 AKN
12965 AKN
TOTALS:

Refer to table 6-11 for details. The data includes GFE failures.

FLT MRS,

1,032
1,068
1,037

1,053

o

1,077
3,269

(o]

GFE failures were not recorded

FAILURES
MSN FS SYS CUM FR/FH
73 0 972 1,045 0.1983

for these particular tests is not available,

A monthly breakdown



5.4 ADDITIONAL DATA SUMMARY (PRODUCTION)
FAILURES

SHIP NO. Loc. FLT HRS. MSN FS sYs CuM FR/FH
12916 ARU 474 12 0 39 51 0.1075
12917 HTC 183 6 0 13 19 0.1038
12918 ARU 564 10 0 37 47 0.0833
12919 EAF 286 11 0 79 90  * 0.3147
12921 ARU 900 20 0 84 104 0.1156
12923 ARU 352 2 0 15 17 #* 0.0483
12925 ARU 483 5 0 16 21 #% 0.0435
12926 ARU 652 6 0 16 22 *% 0.0352
12927 AAB 132 _5 0 19 24 0.1818
TOTALS 4,026 77 318 395 0.0981
(ALL)

The failure rate data for this aircraft appears high, placing it in the same
category as the prototvpe and R&M ships. The type of testing undergone at
Fdwards AFB is unknown, as ar- the criteria used in defining failures.

The failure rate data for these aircraft appears low and outside the general
pattern. The cause is probably inadequate reporting during the tire period.
Wwhen the questionable data are excluded from the totals (table below) the
failure rate per flight hour is lowered. However, the first total including
all "good" and "bad'" data mav be closer teo the general average.

FAILURES
FLT HRS. MSN FS SYS CUM FR/FH

2,905 59 0 208 267 0.0919

Refer to tables h-12 and b-13 for details of the data used, GFE failures (Avionics)
are not included and a monthly breakdown is not available.

b DETATLED DATA TABLES

Re-tvr to tables 6-1 through 6-13 fellowing.

. Best Avai:’&b)’e Cepy



TARLE 6=1 PROTOTYPE DATA (SHIP NO, 3)

1M FAILURES (CHARGEARLE) -
{

FLICHT Frycny Ty
MONTH HOU'RS HOP'RS :§§ Eﬁ iiﬁ TOTAL FR/EN
4/61 9.8 9.8 1 0 9 10 0, 9RON
5/63 19.9 29.7 ? 0 11 23 0 R4
6/63 12,1 41,84 0 0 1 34 0. 8612
7/63 11.0 T8 0 n 1 45 0.Hh2R)
8/63 6.5 949 1 2 0 14 6!} 0. K87
9/63 23.0 122,10 0 0 L] 70 0 SAYG
10/63 6.4 128.5 0 0 Ry 12 1, 974K
11/63 13.8 162.3 2 0 9 #3 0,523
12/61 23,5 187 .8 0 0 12 95 N 5168
1/64 20.8 208, 6 0 0 4 99 0. 44472
2/64 18.1 226.7 0 0 3l 102 ALY
3/64 13,7 2404 0 0 2 104 0, 4408
T YA 17,2 257.6 1 0 8 113 0, 4386
5/6h 6. N 204, 4 0 0 1 114 B B/ WA

“ (Crashed during armament tests--Pllot evror
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TABLE 6-3 PROTOTYPE DATA {SHIP XO. 5)

c™ FAILURES
FLICHT FLICHT '™

MONTH HOURS HOURS wsx ) 23 SYS TOTAL FR/FH
9/63 4.5 4.5 o 0 7 7 1.5555
10/63 21.7 26.2 1 0 15 23 0.8778
11/63 26.5 52.7 0 0 8 1 0.5882
12/63 5.0 57.7 2 o 12 45 0.7798
1/64 5%.8 113.5 2 0 21 68 0.6017
2/64 33.9 147.4 1 0 13 82 0.4533
3/64 17.0 164.4 1 V] 15 98 0.5918
4/64 22.0 186.4 0 (1) 12 110 n.%863
$/64 49.5 235.9 0 0 17 127 0.4%140

;64 112.7 348.6 2 1) 18 147 * 0.3964
7/64 38.2 3p4.8 1 n 18 166 0.4090
R/ k4% 24.3 411.1 n 0 9 175 0.49%7
9/64 26.6 437.7 1 o 19 195 0.4300
10/64 1.6 439.1 0 0 3 198 0.4354
11/6% 18.4 457.5 0 0 7 25 0.4354
12764 10.9 468.4 ¢ J 2 207 0.43R0
1765 6.1 474.5 0 ] 3 210 0.43R7
2765 1.2 475.7 0 0 2 212 0.4418
3/6% 3%4.0 509.7 1 o 5 218 0.4238
4/65 23.2 532.¢ 0 0 6 224 0.4166
5/65 3.9 536.8 0 ) 3 227 0.4192
6/65 4.1 540.9 N 0 2 222 0.4198
7/65 9,2 550.1 0 0 3 232 0.4182
8/65 15.% 565.6 1 0 8 241 0.4227
9/63 11.1 $76.7 0 0 A 245 1).4215
10/65 6.4 $83.1 0 0 3 248 0.4220
11/65 9.0 592.1 1 0 5 254 0.4258
12/65 f.8 600.9 o 0 3 257 = 0.4245
1/66 11.2 612.1 t 0 10 268 0.4349
2/66 28.0 640.1 n 0 & 272 0.4219
3/66 IR.R 658.¢9 1 0 [ 279 0.46206
41k 11.4 670.7 0 0 S 284 0.4205
5/6n 25.8 696.5 1 0 6 291 D.4149
t/hb 12.2 ing.7 0 0 5 296 0.4148
7766 6.0 714.7 0 0 1 297 0.4127
8/h6 401 718.8 0 0 3 300 0.4146
9/ k6 16.% 735.6 n 0 3 303 N.4091
107/+6 32.5 768.1 1 0 5 309 0.464127
11/66 0.0 768.1 0 0 7 316 - 0,6219
12766 0.0 76R 1 0 0 T 323 N, 4311
1/67 Th 6 804.7 0 0 i 324 N. 4125
2i6T 1.8 806.5 0 0 1 325 0.4129
1 n7 0.0 806.5 0 0 17 342 0.4329
LiRT 1.0 B17.5 0 0 _4 346 0 NL4L320

18 o] 328
feriodic Inspection
Tmvepecticn tollowing transfer of aircrart
vitoarmity tnspection
n NS
x Ve
Be°
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TABLE 6-7 R&M DATA (65-12929)

cuM FATLURES .

FLTCHT FLICHT CuM
MONTH HOURS HOURS MSN Fs SYS TOTAL FR/FH

2/67 18.8 18.8 0 0 0 0
3/67 146.2 165.0 2 0 13 15 0.0909
4/67 33.3 198.3 1 0 3 19 0.0958
5/67 104.1 302.4 2 0 55 76 0.1818
6/67 142.6 445.0 2 0 51 129 © 0.2898
7/67 0.0 445.0 - - 13 142 0.3191
8/67 55.0 500.0 1 0 19 162 0.3240

Periodic Inspection
Total man hours = Scheduled + Ungcheduled = 308,2

Maint., man hours per flight hours = 308.2/500 = 0.616 Hr.

H-1%
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TABLE 6-9 R&M DATA (65-12930)

CUM FAILURES

FLICHT FLICHT CUM
MONTH HOURS HOURS MSN FS SY$ TOTAL FR/FH

2/67 17.3 17.3 0 0 0 0
3/67 116.2 133.5 2 0 15 17 0.1273
4/67 74,7 208.2 2 0 20 39 0.1873
5/67 27.5 235.7 1 0 14 54 0.2291
6/67 112.4 348.1 2 0 92 148 * 0.6251
7/67 96,6 4t 7 1 0 23 172 0.3867
8/67 55,6 500.3 0 0 26 198 0.3960

Perifodic Ingpection
Total Manhours = Scheduled + Unscheduled = 374,8

Maint. Manhours per flight hour = 374,8/500 = 0.749 Hr,

H-20




) " [
e Namarate v e v e S e ¥ it o !

91 4] b4 8 Q % 4 0 DX STIVAOWS

vg8 01 £1 v A 5 01 Q 2 T¥i0L

SWALSAS

OFTTVLSNI INOX NOd V3K

N SNOILVDL

Q3ILYOdE 10n 3 4 O 0 ~N[IWROD

T Q Q 3 Q 0 1 0 N *0313

£ ] € 61 z Y S o o) ® *SiSni

1 0 o) 0 0 0 1 0 3N INYId

q 4 9 sIAATIXAAC z Vi Z1 £ G 14 o ] ¥IMGA
g I o & 43 G 4] [§] EN SIATHA )w
L2 € z 8 0 i 0 Q 3 S NSWYX =

0 0 0 0 0 0 Q Q N “SdNUD

98 <l €1 8¢ L 9 < 0 2 ARVRIALY

t] 9] ) ), o Q g 4] 3%

153 Fd Z ‘1 £ g £ 0 2 SH0103

C Q0 Q 0 0 0 A 1h] 0 33140011731

861 az 4z Y6 <1 2z L1 g 3 31T13H0D

TVIOL 97y 8971 99 (945 ¢9/%  IB/E 29/C
HINOKW
FTLVISETHD NS08 = O A40531IVD
TICYRTURUI = 3 ‘SRS @S

WALSAS®:aS ¥3d SFTWATIVA IVIOL
(0€621-59) VIVA WP8 (1-9 TIdVL




td
94y

3 3 9 SHGVIONT [42)

€8
¢l

|1
3 49 SHGITANT [¢rad

£l
&

St
€8¢

J¥TER - IVMIDV - ALITI6VIIVAY €z

t8
£28°0 8304 1H 1R ¥3d SHIOHNVW FDNVNHLNIVH

661
‘S¥H "ITL €376 QL SIVLOL A¥ATIVA LAVHOYIV dald $701
BO/S aRI /9/p WO¥S CUIBH4 GY¥GIAY
FIHVIORWID XOXN =
FI4V3 SB¥HO =

WALSASL S ¥dd STWYTIVS TVLIOL
(NOLLDLQUBEd) VIVE AGOLVWRIANDD 11-9 FI4VL

N

oK

N
>

STVAONI Y
V101

SH31SAS
NOdV3M

SNOLILYO1
=RIAROD

precy |
¥ "518x1

INVid
AAN

S3IATH™A
¥ NSWX

“SdKWOD
INVEILIY
S¥010d

441403113
Kakcglirlee;

SBO3LYD
SAS 4ns

H=l




waw et

T

TARLE 6-12 ADDITIONAL PRODUCTION DATA

SERIAL CiM FATLURES
NO, FLICHT FLICHT cUM
63~ HOURS HOURS MSN Fs SY TOTAL JJFR/FH

Period of Record from 1966 delivery to 11/1/67

21916 474 12 0 39 51 0.1075
21917 183 6 0 13 19 0.1038
21918 564 10 0 37 47 0.0833
21919 286 11 0 79 90 0.3147
21921 900 20 0 84 104 0.1156
21923 352 2 0 15 17 0.0483
21925 483 5 0 16 21 0.0435
21926 652 6 0 16 22 0.0352

21927 132 5 0 19 24 0.1818

e
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Part C

Data Submitted by Sikorsky
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ABRCTRACT

The jquar-.er.y Zvalumtion Report is submitted for the eleventh quarterly
period of fieid dats collection as part of the Operations Reliability/
Maintainability Engineering Program, defined in Contract DAA-J01-68C~0512
/31), Data Ivem 08-010, LA Form 3149-F. The data is cumulative for +he 33
month period and all information not compiled in the prior reports has be.n
included as part of up~dating for this report.

CH~S4A Crersations Reliability dara accumulated a total of 47,993
£light hours for the 33 month period. The reliability levels for a one-
g F
hour mission based on this data are:

Total Reliability L78us
“issign Reliability 987

Analysis of maintainability data shows the following derivations.

Average Active Meintenance Downtime/Flight Hour 2.3 hrs
ziapsed Mean Time to Repair 1.9 hrs
Average Manhours/Dewn iHour 2.8 MH
Active Maintenance l‘anhour/Flight €.L MIH/FH
Lperational Availability 54, 3%

~

he s*abl: nature of the 2.8 manhours per down nour and €.4 manhours pep
hour wval.ixe mAay reflest the maruring of the program and the cortinuing
v, lmpYowve our Lomputer program.

S A

incresse in cperational avaijability from 54.1% to 5k.3% is tne
' ¢ 1 devrcase in reported administrative down time.

S-11 .
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SJWARY <
Us 3. Army CH-YGA operutions in the 33 onths of ORME datas

reporting have accumulated 47,993 flight hours and exhioit tae following

WT8F's (Mean Time between Failures):

‘ U411 Fullures L.l hours
: 3
Missioun Aborts £2.1 hours
These MTBF's convert to the following reliability levels for a
one-hour mission:
Total Reliability¥ (3 hour) 6L 3

Mission Reliabil.-y%® {1 nour; 95T

-y

\ Hardware discrepuncies required 37 ¢¢; maiintensnce man-hours for
b wocul corrective maintenance,

Welatively few compunents contribute to o high percentage of tne
total wircraft unreliability. At the system level, powerplant, rotors and
tlades, transuission, instruments, hydraulics and communications account
for £7,3% of all primary fsilures. Powerplant, AVP', hydraulics and trunsmission
n count tor 73% of all mission abort failures.

3
Tne Ytop ten" components in eacu of the followirg vategorises acoount for
me.re than:
1Y wll falldres

(5% . all mission muort failures
Jox o af wil locul corrective maintenance time to repair primary feilures

3lr  of il lucal corrective maintenance manhours to repair primary fsilures

<&

*  ‘loral Reliatility -~ Probability of rno failure in the specified time. This
category applies to all classes of fallure regurdiess
of degree of severity and includes avorts, downs, minors,
and malfunctions with no effect.

¥#iggion Reliapility ~ Provebility that & CH-54A willi experience no mission
aporting feilure in a one-hour mission.

S~2
LU )
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SUMMARY (.ont)

The 33 month cumulative reliambility statistics show g4 slight
crange in reliability relative to the 30 month figures submitted in the iast
guarterly report as shown:

30 Mon?n 33 ilonth

Cumulative Cumulative
Ci-54A Total Relisbility (1 hour) .785¢ Bt
JE~544 Mission Relisbility (1 hour) .9870 gp~e

“he distribution of fajlure rate among systems has changed siightly
since the imst report., Powerplant, rctors and piades, and trausmission re-

vom

main the top trnree fajlure rate systems. Lower NTBHF's for Instrumenis,
nydraulics and communicetions now rank these three systemsg as the fourth,
fifth and sixtn malor sources of unreliability, Trese six malor areas ac-
count for 673 of tne toval aircraft failure rate. Powerplant, APF, hydraulics

and trensmission still rank as the top four major contributors of mission
abcrts and are respongible for 73% of ihe abort rate.

The "

top ten'" lists of components, R-1, R-i, and H-3, show s.ightly
less impact ¢on

rtotu: aireraft reliacility from top ten components,

Top ner omponents' contributici to aireraft anrelisbility ha/e ~hanged
only sliwnt:iy Trom tast of lpe rrev.ous report:

s Menth 33 Monvn
Cumuaative umulative
wesed r. Chlldre rate pRA 5%
bysed on numnber of fallures o2 L%
“§5eq oI RLCr' rate 27% 259
A= 83

weront wo. SER~GU2T6 _Rev,

v
v
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SUMMARY (cont)

New Components in top ten lists and the components they replace from
the last guarterly are as follows:

New Components Components Deleted
Top Ten Category In Top Ten List From Tep Ten List
Number of Failure (List R-2) Rotor Brake Package MGB 0il Cooler V
Assembly P/N Tiup28 Belt P/N 3V600

Abort Rate (List R-3) Cargo Hoist UP Pressure Generator

Tube P/N 6L65-62051~061 P/N 28B139-33A

Unscheduled Maintenance Turbe shaft Engine AFCS Servo Assembly
Manhours (List R=~5) Exhaust Duct P/N 571076 P/N $6265-60551-10
A~3A

“PACE NG,
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SUMMARY (vont)

Projections of cumponent MTBR's (Mean Time Between Removals) based
on 3% month cumulative data show slight deterioration from the 30 month cumu~-
lutive figures submitted in the last report. Higher rates of railure and
» damage beyond local repair yield generally lower MIBR's, (Lote that MIBR's
continue tc consider overhauls and scrappage arising from uoth primary fajl-
ures and damage. )

COMPONENT MTRE Ml
. P Based -n 30 Montn Bused wn 33 Month
’ Cumulative Dats Cumulative Data
¥ain Rotor Hema Assenbly 372 hr 291 hr
Y APP C.litcl, Assenmbly 309 hr 311 hr
v Tuil kotor Elade y74, hr 3Lg nr
“ain Rotor Damper Assembly 3yl hr 395 hr
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D1SCUSSION

Total Reliability

Figure A-l, the total reliability block diagram covering all major
systems shows & 4.12 nour total mean time between failures and .78L5 total
aircraft reliability for a one-hour mission. The system code digits shown
in the block diagram define system boundaries and the hardware included.
They are defined in Appendix A2-1 of the ORE Handbook.

There were no changes in the total MTBF or the Reliability covering major

systems from the last quarterly report.
q

30 Month 33 Month
Cumulavive Cumulative
MTBF L1z ar L.i2 nr
Reliability (1 hour) .185 788

Figure A-l1 shows powerplant, rotors and blades, transmission, instru-
s, hydrailics and communications as the malor contributors to unrelia-
lity. Taken together these major systems account for 67.L% of all fail-
ures observed in the reporting period. Figures a-2 througn A-7 show the
vrearoul of total reliabllity among the individual system codes within

these areas.

Povwerc.ant - Figure A-2 highlights the engine and engine exhnaust
areas. ~ajor problem items are tailpipes, flex
shafts, fuel controls and exhaust ducis.

Zciors & ilades - Figure A-3 shows buth tail and main rotor tlades
and the main roctor head to be major contributors to
unreiiability. Major problem items are tail rotor
vlade erosion, main rotor olade tip cups, and main
rotor nead droop restrainers.

Transmission - Pigure A=l nighlights the rctor brake, main trans-
mission and MGE 0il cooler. Rotor brake pucks &
support bracrets are large contributors to unrelia-
Lilily. Meain transmissiorn failures are distributed
among many ccmponent parts. O0Oil cooler V belts are
+he highest single contributors to MGk 0il cnoler
inreliabilisy.

A=
~MGE N0

A
[
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Instruments - Figure A-5 hignlights the instruments (from detector
t¢ indicator). The generator tachometer, servo net-
work and the fuel flow transmitter are the major
sources of unreliability.

Hydraulics - Figure A-6 highlights the cargo hoist and flight
control hydrsulics. Hoist up pressure tube, hoist
pamp, lst stage hydraulic pump and the 2nd stage
hydraulic manifold are the mejor sources of unrelia-
bility.

Communications - Figure A-7 highiights the ARC-Sk VHF radio sets,

Corrective action procedures for increasing tue
reliapility of various components and systems are
discussed in detail in SER-6LZ72-1 Monthly Progress
Accomplishment Report.

WMission Heliability

Figure A-8, the total mission reliability block disgram, shows an
i7,,12 hour wotal mean time between failures for mission aborts and 9875 one-
nour migsion reliaebility.

These levels represent a 5% improvement in mission abort MTbN from
'ne 1ast quarterly regport.

30 Monih 3¢ Month

Cumulative Jumulative
MPBF, atorts 76.6 ur &n.2 nr
tission heliability (L hour) .9870 L987%

Figure A= cuows powerplant, APP, hydrauii-s and transmission continue
v, ue the malor voutriputors to tne mission abort rate. Taken Logetner these
four major systems account fer 74.5% of all mission aborts observed in the re-
purting perioa. Figures A-9 through A-12 show the preakout 0] missioun rel,a-
pility among the irdividasl system coaes within thes¢ four ureas.

Powerplant - Figure A-9 nighlights the eugine and engine hydraulic
start, Fuel controls, engine start hydraulic lines,
fuel pumps & flex shafts are important mission abort
items.

A-b
el wo

S L b i b

weront o SER-QU2TE Rev.
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Hydraulics

Transmission

Figure A~10 highlights the APP itself. The AVD fuel
pressure switch and the AFF fuel control are signifi-
cant abort items.

Figure A-ll shows cargo hoist hydraulics account for
55,8% of all hydraulic aborts. Pressure lines are
a significant source of mission atorts.

Figure A-12 shows the main transmission and the main
gear box cil cooler to be major contributors among
cransmission systems. The oil eoclier V telt is a
large single source of aborts.

Rt w5
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WOTAL RELIABILITY BLOCK DIAGRAM - CUMMUNICATION SYSTEM

Keliability

{n

Hr) - .98L7

MPBF ~ 69.Y Hr
ARZ-SL, VHF/F™
62605
MTBF 131,95
.92
ATX-Lu, APX~TZ 1v¥

- LY
G L1 ~ RH6LET

Y
Ny

MTHE b5 LF
25336

LN
259a5.9

N
ARC-13L, 73664,
ARC-T3 VHF/AM ARC-131
L6020 ~ 6L6CLD 626050
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AIL=-i0 178 ARC-"1 it
Pk L 636010
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HoLD969 R 9975
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S Failure Rates and Reliabilities

; (Data Item 08~010~1)

SYSTEMS

Table A-l, Section D of this report, provides the failure rates,
reliabilities, and abort rates observed in this reporting period by
system.

Thirty~-three month cumulative behavior shows an increase in the
reljability in a rumoer of the systems relative to the 30 month cumu-
lative behavior documented in the previous quarterly report.

Table A-l shows & high concentration of primery failures in the
following areas: powerplant, rotors and blades, transmission, instruments,
hydraulics and -ommunicationg. Taken together the systems in these major
groupings account for an observed ,163 faiiures per flight hour 6 1% of
the total .243 failures per flight hour for the overall sircraft.

The ten individual system codes with the highest observed failure
rates are as follows:

System Code Nomenclature Fajilure Rate Reliabilit
(Faliares por br) (3 hour)
IPTD12A-LA Turboshaft Engines .021503 .9787
93010 krgine Exhaust ,010939 .9891
151600 Tuill Rotoer Bliade .010814 .9892
151500 Main Rotor Blade .01006L .9900
514500 Instruments 008731 .9903
15.000 Main Rotor Head ,008522 L9915
263560 Rotor Brake 008418 9916
263520 Meln Transmission .0080%3 ‘ .9920
L56560 Cargo Hoist Hydraulics .007668 992k
626010 ARC-54 VHF/FM .007605 9924
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‘!ﬁ Taken together these ten system codes account for ,103 failures per
j. flight hour, 43% of the aircraft total.
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Table A-1 shows a continued high concentration of mission abort fajilures
in four areas: powerplant, APP, hydraulics, and transmission. Taken together
the systems in these four major groupings account for an observed .0092 aborts
per flight hour , T4L% of the total .012% aborts per flight hour for the overall

[ ] aircraft.

The ten individual system codes with the highest observed abort rates
are as follows:

System Code Nomenclature Failure Rate Reliabitity

0 (Failures per hour) El hour)
JFTD12A~bLA Turboshaft Engines .C02271 L9977
T-62-T~16A1 APP .001563 .998hL
L56560 Cargo Hoist Hydraulics .00110Y% .9989

L 495020 Cargo Winch .000667 .9993
293020 Engine Controls .000604 L9994
293030 Engiae Hydraulic Start .000604 .999L J

4 24 3500 APP Hydraulic Start 000479 <9995
263510 Main Transmission .000L38 9996
'51L500 Instruments ,000348 .9996
Lzss20 Generator .000354 .9997

.4
263576 MGB Cil1 Cooler .000313 L9997

¥
i muken together these ten system codes account for .0088 sbort failures
per fiight hour, T1% of the aircraft total.

? The MGH 01l Cooler System code is & new entry in this list replacing
tne Jtisiuy Hydreulic system code present in the previous 30 month cumulative
list. 7The kngine Controls and Engine Hydraulic Start system codes have tied

4 w.th the fifth highest abort rate.
k
]
T
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. Table A~1 shows a continued high concentraticr of maintenance man-~
‘ hours to repair primary failures in four aremss: powerplant, transmission,
rotors and blades, and hydraulics. Taken together the systems in these
four major groupings account for an observed 25,290.8 maintenance manhours
to repair primary failures, €7% >f the total 37,662.2 manhours to repair
all primary failures in all aircraft systems.

The ten individual sysvem codes with the most maintenance manhours
for primary fallure repair are as follows:

Maintenance Mantours to

Zystem Code  lomenclature Repair Primary Failures

SFTL12A-bA Turboshaft Engines £359.2
3 91000 Main Rutor Head 3249.7
E
M Ju3L50 Main Transmission 3139.°¢
F 150500 “argo Holst Hydraulics thal.
E uyL0cy Jurgo Winceh 1382 .
3

DRI Main Rotor Elade 117204
3 RN Fan Li6E

= AL AP i.\’_»()'.'.',

e Uil ety Blade

-
w e

A mnplite Hxnausts JESTREAS
3
1 ~ -, ’
Turer Togelner tnese ten system codes account for 21,179.2 maintenance
manns irs, S6% 5P 4he tctel reguired to repair all primary reliures bserved
o1 T ne alirtrafh.
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» Tabie A~1 shows a continued high concentration of elapsed maintenance

time to repulr primary failures in five areag: powerplan., transmission,
rotors and blades, hydraulics and airframe. Taken together the systems ir
these five major groupings account for an observed 15,526.3 elapsed hours
for maintenance to revair primary failures, 69% of the total 22,530.9 hours
to repair all primary failures in all aircratt systems.

L 4
The ten individual system codes with the moust elapsed time for pri-
mury failure repualr are as follows:
Elapsed Tire for Primary Failure
system Code  lNomenclature Repair Active Maintenance
® SETLLeA~bLA Turboshaft Engines 3158.9
J63510 Yaly Transmission 628,
141000 Main. FBoror Head 1310.5%
P Lut500 Cargo Hoist Hydraulics U9 .Y
151600 7ail Rotor Blade 732.2
*.0,5010 Engine Exhaust 715.7
+35020 Curpgo Winch 711.8
T
ty 1 Fael 71C6.8
151500 Main Potor Blade 6633
A6 SIS lRAL AFF £50.9
» - . ,
; Tunhes Roter Brake ©37.u
Taken *together these system codes account for 11869.8 elapsed
nours, 53% of tne total required to repsir all primary railures observed
on the aircrafe.
: 4
*The system codes present in the previous 3¢ month cumulative list have remained
virtually the same, except the order has changed.
®
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COMPONENTS

Table A~2, Section D of this report, provides the failure rates,
reliabilities, and sbort rates observed in this reporting period Ly com-
pouent,

Within euach system code Table A-2 arranges components alpha-numer-
lenlly y Ulikorsky and vendor part number of three levels of hardware,
sssembly, subassembly, and component. (orresponding federal stock num-
bers are wlso shown,

List R-1 in this section shows the ten asserbly part numoers with
the highest reported failure rates. Tuken together they contribute 15
tne totwl aircraft failure rate. Ther: are no new additicns or dele.,ons
to List R~l for the last guarter.

R-1 printout entries correspond to the part numbers shown., Ii some
cuges Tuble A-2 reports mdditicual failures of tne same hardware agajnct
alternate part numbers so that the actual number of failures, oomponent
tajiure rates, and percentages are higner.

in general, the K-l printout rerlects the hardware level at whicn
component replacement was performed orn the aircraft. Majlor components
sug¢h as the mairn transmission, for wni:h Table A-L shows a =otal ,0u80k3
fuilures per hour, do not appear since tnese failures are distributeq
whOtig UL separnte Lover level assemblics, esch o wnien is rerairuav.e or
retlacesh e on tne alrsraft,

K-l entries fur the engine exhaust tailpipe, tall rotor viade,
and rotor urake sucport bracket identify the failed nurdware meaningfully,
in safficient detall to show where reliability improvement at the componsrnt
level cun provide s relatively high yieid in total failure rate reduction.

Cther #ntries require addizional explanation. Table A~ in Jection
Z shows “hat:
Approximately 18% of all APP clutch malfunctions were
traced to SBll25-) bearings. An increage in failures
in other suhsystems has diluted the effect of the clutch
problem relative to the total system.

A-25
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Approximately L1% of all engine malfunctions disgnosed below

the nssembly level are attributable to exhaust ducts, fuel
controls, fuel pumps, and shafts. Note tnat Table A-~1 shows

1032 fuilures against the engine system code, more than four times
the number shown in B-l. The remaining 78L are distributed

among alternate part numbers and engine component parts scces-
sible for on~aircraft repair or replacement.

Approximately one~quarter of all rotor brake malfunctions
diagnosed below the assembly level are attributable to brake
pucks. Puck failures together with rotor brake support

bracket failures account for almost one half of all diagnosed
failures. Hote that Table A~1l shows LOL failures against the
rotor brake system code, more than four times the number shown
in k=1. The remaining 219 are distributed among alternate
part numbers and rotor brake component parts accessitle for
om-aireraft repalr or reglacement,

Aprrosirately 20% of all arnti-collizion jight fail.res are attri-

Litable Lo ML0Y33H-TOTY incandescen'. Light falilures.  (uvie A=,
shows 313 Pailures aguinst the extericor lignt system code, more
Crmn Lwice the number shown in R=i.  Tie remaining 172 uare dis-

Lrivuted among alternate part aumbers and various components
acernssible Cor ~n~alircrat repair or repiacement,

Aprroximately 20% cof all MGE oil cooler malfuncticrns telew
re nssenbly level are attrivutable to the upper, icwer anug
ter pulleys. Taule A-1 snows 326 lailures against tne Mib
2o0ier system code, more thun twice the amount shown in

“he remaining 194 are distrituted among vuricus components
eesibie Tor on~aireraflt repalr or repiecerent,

e

H
l
A

[

-

o

L3 b ke

5

4 conrlene evaluation of ARC-5b fajlures is impossiple because it
requires additional data that is not currently available to ORE's. Meauningful
identification ~f failure phenomenon requires electronic diagnosis within the
recriver-Lranszitter Lo the component level. Current maintenance facilities at
CH-54A operatior sites do not permit such diagnosis. (The ARC-54 is being re-
placed by tne ARC-131.)

The ARC~51 UHF receiver-trunsmitter is similar to the ARC~5hL receiver-
transmitter ir. that additicona: electronic diagnosis within these units is nec-
essary for true component level reporting. Its failure rate is substuntially
lower and the effects of its failures ipon mission reliability, maintenance
manhours and elupsed maiutenance downtime is substantiuliy less. Duepending upon
the ex:n 't nature of the fuilure modes, failure rates may bLe reusonable and jus-
tiried in light ol tne complexity inherent in this unit., ‘Table A-1 shows an ob-
served u6l.5 hr MUBF for the ARC-Y1 system, - e level mure than teur lLimes higher

e

than *he 100 hr specified by procurement specification MIL-R-200L9h (A3).
S5-27
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In order . identify problem areas and possible future problems,
additional top ter . .sts are included for the first time. These new lists
ure identified Yty toe suffix A, and include only the data received during
the past 3 month pe-.d. In this way we can better determine what are
the current problem :reas and if a potential fix has been made, whether
or not it is effective.

A-2
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List R=2 in this section shows the ten part numbers with the highest
repol- =1 aumber of failures. This criterion spotlights cases where component
fajlure rutes below R-1's top ten rombine with high quantities-per-aircraft to
yield signifir~ant contributions to the total aircraft failure rate. HNote
that List R-" accounts for approximately 21% of the total aircraft failure
rate while ".isy R-1 accounts for only 15%. Specifically List R-2 shows that:

o4 15-20209-0L2 Main Rotor Blade Tip Cap
£4.5=20201-041 Main Rotor Blade Assembly

L5 .6C-00001-045 Tail Rotor Blade Assembly

£ 35-60023-01C Tail Drive Shaft Support Assembly
Tieis Rotor Brake Package Assembly

fal. te.ow List R-1's <or *en cn the basis of failure rates but contribute
sutstantially *¢ aircraft unreliability.

The Potcr Erake Package P/U T142% is a new entiy in R-2 replacing the
cller V Belt P/ 3VEIO present in the previous 30-month cumulative

P=-2h shows those items with the highest number of failures whiczh

= -
ciad L4
crurrea during whe past gquarter. A review of the Monthly Accomplishement
JEP fulTi-., will deseribe the corrective action taken.

R

PAGT fiG

5‘.."\}




‘ — e - peem -
prxY T T -

-8
s - - - —— e ——
T t.ﬂuﬁﬁnﬂ«qm
— e 1°t 0sL200° 2 SL£T00° 2gY RS & & - . QtgAe
#3005 710 pow 0L6¢92
- 9" - SN0 1 | ___96C1Q0° i9 JADLIS 2A0K3N  II10-ICIA9-G6Hg
#2115 310a3 0¢064S
— 2t E6209° < 69%100° nt TI02 LiNY 1N911 IO L3 ¥ X415 S
514917 HO1W3LX3 GISSen
I . 9° 005500° % 00§100°  Z2 HANGD HIT141)day 103-S0109-0689_ . ___
W31 31 dAY SI3v ot106LS
L* 1L4306° ) 1£4100° sg§ ivia HOL0Y AdS Z10-91082-5949
Vg ¥O010W 096¢92
- . . o 'a 26L4700° 1 26L%00° gg SWYEI-OT  EBYIS-Duv/2ai-ly
SN 16=2uy 010339
. e _ . iz £97506° 2 %8S200° gu2 ) . WMIINI .. 00Z2L5
9NI L avHS-08UNL L fAIE o
- .- z°y 416200° 1 216200°% F',-IEBPEWE;I.
HIIND ddV 055E9¢
- —— . FAS ¥ 196800 2 G6%n00°  1Ch ASSY 3did IIvy 290-1090g-058g
1SAvHX3 FNISNT 010c62
- e Lz 186900° 105800°  Zi¢ *SIYHA-I3 AS-JUY/ERC-1n -
4HA HS=DYY 610929
. . Sg8gatgsy_ gvgsgsy oy SP24%48. 38305939 3899333909848 3" Sasgegse
3ivy *1v3 3ivy /Y ivy S3¥31Ivs NIV INIINDN N/d ANFIOS40)
U, 39 20 3unI¥s did 3WMIvy 40 40N
NIIu34 T10g Fyt. * 03
: S 7 - 30HYY *On WINIS Livadwiy T T T9Zsein i TTUNT™T 5 F e
J[...l T T - L ATR _ nm‘ b!q A “
. T - WILyI0? 0S600L Ol IBT099 “wOud 4lyy 3NNy - A4 401 ",




. e L
oM
T OX-f IS A
't 9we00° 2 gestoor @ ASSY V3JIA 02-06HEONORAX
SR U3JIA QIALNEONIA.. - . - 0T0GEH -
- T 9 £EET00° 1 £CET00° o NIILS JAIONIN  TI0-TCT00-0649
- U N34S 310N 060645
T . . st 666300° 3 ©69300° & T wNe? T@WNd 0 saotzs
— NG LIMSeORIAL ¥RVZILL
TRt e66200° 2 e6e100° & 03345 WOLVALOVY  Y01-92¢09-0C%9
. SI0ULNOS - INING - 020662 -
o T T e 999100° T 999T00° § SNYHI-IZ  TEI-du¥/E20-13
—_— Fr e 260820
L 999100° 1 999100 § X08 WVI® NIW  149-00
e NOISIWSNVML MIWN .. .. . .pIGEe2. ..
't T$99200° T 999200° @ ¥iNOD NIIIIWMY TeT-GOT09-0640
S CIL41NAN Sody. . 210645 .
o L | ®86£00° 1 966500 3T HINY) dd¥  ST0-000T6-LET9S
_ . o - . NN G acccoz
..... 6°% 2cee00° 1 ZEEN00° £ TSNVMI=OI eS-JNV/eNE-lY
DA ¥8-2u are82e
T s*e 966600° 2 966%00° OF  ASSY 3d1d 1IVL  Z90-10909-0CA9
. . 1SANNXG IMIena . 30062 -

. - P a s - PP,
& e S8y 'L 21PN

— AW SV L UMM . 23UV STNAINL JuAININTNON  Mig NIMNOENOD

/Y 40 FWAUVE N34 IWNVIVE 40 ON
AN3¥3Q w1 a 02

e im— T . - 3GNVM CON WMINJS LJVMOMIV . . Z°I00E . o BWEL ANOIY

IV - NOI4VI0T 0£600L OL 10400C 1WOW3 S AR Yl-A 'Y ILVE NS - N3L dOL




» e te * ™ s 3 Ve L o]
.r —
¥ Muﬂlduﬁnﬁ
—_— - FA | 000000° o= 0000Q00° "y ASSYIOWMNOVLINYHE . . 4} ¥ N
Divi BOL0M 095C92
21 ~- A16200° . 1. __416200° Qb1 HMNND ddy  SIQ-00016-LCY9S
HIINTD dd¥ [ IIIL T
T 23 9E6200° ¥ 4 a9n300° 187 . _3000 IINW JHOIY 0 P-22262Sw 000
SLIHOIY ¥OTE3LiX3I OTSShi
e [ Rl § S01¢00° S §29000° 6n} .. __ASSY Jp03dNS_ 0I0-R2009-GEN%
14¥HS IATES Myl oNSE92
2°Y  LIN00° 9. __9§200Q° 212 /W SASSY 0VIE 140-16202-SI49
0¥Y18 Y0108 Nlww 08615t
_ _ . - 6°1 899%00° 9 19L000° 22 . 411 d¥D _ 1w0-60202-GTw9 _
30¥38 HO10¥ Nlyw 80STST
- _ue {91g00° 2 4gg200° gng . R 113:. ¢ N L. 90%%S . _
9N3 L 3IYHS-0guNl ve=-¥21010°
. —_———— — 4 .10§900° v 10S9990°__2IC  SHYNI-DIN 0 WG=DNW/ReC-id
A 4S=d4yY 010929
- e — e o L€ 186900° 0eNN0G*  TCH ASSY 3did WYL .  290-10908-0CH9
LSOyHX3 INION3 010862
. ' 900000° o= pODDL DAY ¥/1 ASSY 0¥VW  Sy0-10000-Dols9 _ . ___
30¥12 ¥010¥ Iyl 00915t
—— S384330088 JESBRSS  98s B Pegtet  SSsep0ed  sieSetytesetglasy 293933038383 0483 _—
S3uNIyd °*ON vy /Y Jivy  SIuNVvis IHALYIINIINON N/d AINIHOdW0D
e — Wi0L 0 3an1vs 934 3/NTIVE 30 *ON
IN3Y3d WwioL A40 *dn0d
W -"3onvy ‘ON I¥3IS Lavuddiy  9°266Ln -

Ty = NOIAYIQT 060024 01 101089

SWOU4

= 3INIL InOlN4

598 ZY 4% T

SAUAYE 40 ¥IABNNN -~ M3L 401

o

o
L

1




25y BV A
P eas200° 3 senl00* & 02345 ¥OLVLOY  101-93C08-0649
— — . — _ e EULNGY DTG - GTOCET——
T §°3 :ECO0° 9 $65000° 01 T T T 41 @93 10-60202-5149
i, 20476 NOLOM- NI 006363
o't 000000° o~ 000000° 3T N/i ASSY 30V  S40-10830-09159
_ : o 30VI0-NOLON NI¥4——  008TET
T et Teees00® & “o00to0® 3T 20V ¥ol0W 11VLI  Te0-10000~19159
——— : . 30V -WOLOM Ve~ - - ——SOBIET—
el 000000° 0~ 000000° BT  ASSVIOVNIVSIWNE T s
M8 MOLOM 200683
a .3 9s6800° 3 966£00° 3% HAUNTD iV ST0-00816-L8198
— o . MO N .. _8gSEeR_
PYTY FEE800° 1 FeEN00° &% *SNVNL=I ¥ -WY/9%E-L
e - e A SGNN . T . oToePe . _ .
T §°2 wes0o® 9 *6000° LT Wi ASSY 20V Te0-10202-ST49
e ARt 308 N0JOM NIWS —asGI51
T 1 968500° S 002100°  ©1 T TASSY ANOMdNS OT0-ST089-SEVS
e 14%iS FATNG IV - .. .. SE6ER
ge 966600° 2 966%00°  0F ASSY 3414 NIVL  T89-10908-0849
_ o 1SanDa Mg . 310¢62
Tt — — *® > powe pe - .i.l ssasgese et e A e e |4|4|.5(
_ SETOMVY CON 3N 3% RAWE  SRIAING  FUNLENNON  N/J ANGNORNOD
Wi0L J0  FWNIIVS  udé  FNIIVI 20 ON
I P wioL  Ad® *dn0d
MW = 0MMN _OM TMINDS LIVAOMIY . PYTTYV SRR VU PUR TP UL ¥ SE
TV - NOIAYI0T 086004 OL 10L0CL 1WOW3 £33y YWZ-3 277 sauntiv4 0 v3eww - N3L doL
= - a » » E ™ =




EN”“)"..‘,’ ‘a‘r‘=f'."l--cbu-03!&:wau-nnn~ ::::?"“-iﬁ?;%%ﬁlé_ﬁpv.J

List R~3 in this section shows the ten component part numbers with
the highest reported mission abort rates. Taken together they contribute
25% of the totsl mission abort rate.

The Cargo Hoist Up Prespure tube, P/N 6465-62051-06), is a new entry
in R-3 replacing the Generator, P/N 28B139-33A, present in the previous
30 month cumulative list,

R-3 printout entries correspond to the part numbers shown, In some
cases Table A-2 reports additionsl aborts of the same hardware against al-
ternate part numbers so that the actual number of aborts, component abort
rates, snd percentages are higher.

R-3 shows 228 of the toval mission sbort rate concentra‘ed in en-
gine, APP, powverplant and engine control components necessary for the en-
gine start cycle.

Virtually all R-3 entries are well defined. Components are identij-
fied meaningfully -~ in sufficlent detail to show where reliability improve-
ment at the component level can provide a reduction in the total abort rate.
List R-3A shows those camponents with the highest report mission abort rates : <
during the last quarter.

List R-U shows the ten component pert numbers with the most reported
elapsed active maintenance time required to repalr primary feilures. R-U
highlights cases where the combined effects of high failure rates and lengthy .
times to repair heve an overall large impact on the total maintenance re- -
quired to support the alrcraft., Taken together these ten components are re=
sponsible for approximately 26% of the total time reguired to repair all
obgerved primary fallures.

There has been virtually no change in List R-U from the previous 30
month cumulative limst. -

List R~4A shows those components with the most reported elapsed ac-
tive maintenance time required to repair primary failures during the last
quarter,

S-34
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List R-5 shows the ten compooent part numbers vith the most reported
maintenance manhours required to repair primary fajlures. R-5 highlights
ceses where the combined effects of high failure rates, langthy times to
repair, and required lurge complements of maintenance personnel have an

) overall large impsct on the total aircraft maintenance burden. Taken to-
gether these ten components are responsible for 313 of the totel maintenance
manhour work load required to repair all primary failures.

The Turbo Shaft Engine Exhaust Duct, P/M STLOT6, is & nev entry in
R-5 replacing the AFCS Servo Aasembly, P/N 86265-~62551-10 present in the
» previocus 30 month cunuletive list.

R-5 printout entries correspond to the part numbers shown. In some
cases Table A-2 shows additional maintenance required to repair primery
failures of the same hardvare against alternate part numbers so that the actual
meintenance times and percentages are higher.

List R-5A shows those components with th: most reported maintenance manhours
required to repair primary failures, during the lagt quarter.

A-38 539
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Mean Time Between Removals (MTBR)
(Data Item 08-010-2)

The component control table, Table A-3 in Zection D, providec MIBR'z
for all on-conditicrn and TBO components listed in TB 55-1500-307-25,
Cctober 1968,

For each component, the analysis combines %he reported numbter of
unscheduled remocvals beyond local repair, the accumulated component flight
time, and the TBC or retirement interval currently in effect o prolect long
tern estimates ¢f mean time between removals.

Table A-3 continuee to show “he effect of secordary failures and
da~age on the MIBF ~»f relatively few ccrmponents.

-omponent Effest of Secondary

Secondary Failure and Demage Rate
Primary Failure Rale

Main Potor Blade

Cargo Hois* CTatle Assembly
Main Polor Head

tngine Asserbly, Turbo
Cargs Hock

Mair, Gear Tz

porop g
.

R 1O D
NN (OO

.
r

sompenent MTBR's are slightly affs-ted Yt secriniary

The effect on thesc componentn ig less shan 1T of

r3te,

h’f‘"t A‘%’ﬂ.gg,%‘d@ C{j A




rTy— e il Ao ARTOL LN o LD
e it wW

!
NEPORT NO. SER 64276 Rev. J
Sikorsky Rircraft = o wewe LL  ———
: ® R.
i
Table A-3 identifies the following as the lowest projected MI'ER
< items:
MTBR MTBR
Based on 30 Month Based on 33 Month
L Component Cumulative Data Cumulative Data
Main Rotor Head Assembly 322 hr. 291 hr.
-
APP Clutch Assembly 309 hr. 311 hr.
Tail Rotor Blade 374 hr. 345 hr.
Main Rotor Damper Assembly 391 hr. 395 hr.
L
A=L2 S-43
PAGE NO.
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MAINTAINABILITY

This section provides detail reporting of the following program re-
quirements:
. Average Active Maintenance Downtime/Flight Hour

n-Aircraft MTTR (Mean Time to Repair) for Components,
Subsystems, and System

. Average Manhours/Active Maintenance Downhour
. fctive Maintenance Manhcurs/Flight Hour

The date inputs are compiled =and tabulated using electronic data
processing with programming techniques to provide detailed runs for the above
items. Tne computer programs for mairtenance, utilizacion and availability
gats are equipped ¢ process data on tern million total cumu.ative elapsed
ncurs and mannours and 100,000 corrective or preventive maintenence actions.
Trese programs provide averages and rates directly applicable vo the contract

juta ltems,

Hasea n analysis of the %3 montns accumulated data “rom all locations,
wne resulsent va.ies of “he above characteristics are summarized as follows
w._ong witn wne net cnange from that of the previous guarterly report;

CEARACTERISTICS Vaiue Trend
<. Average Active Maintenance Dowrtime/Flight 2.3 40.1
Hour
z. Z.apsed MYean Time to Repair (Corrective, 1.9 +0.0
elapsed)
3. Average Manhours/Downhour 2.8 20.0
L, Active Maintenmance Manhoura/Flight Hour 6. $0.0

Organization codes cited on tne Tables in Section D are identified in
Amendment 1 of the QORE Handbook.

!
Sedf
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Aversge Active Maintenance Downtime per Flight Hour
(Data Item 08-010-4)

The presentation of this dsta item has been expanded to display (1)
the current calendar quarter and (2) the total cumulative data. The analysis
is further subdivided to permit comparison of maintenance activity character-
istics between USAREUR, RVN and CONUS operations for the above calendar per-
icda.

Based on all contract data inputs for 33 calendar months, the cumula-
tive average active maintenance downtime per flight hour (for corrective
and preventive maintenance actions) is as follows:

CcoNUS RVN USAREUR ALL LOCATIONS
Corrective Maintensnce DH/FH 0.7 0.5 0.5 0.5
Preventive Maintenance DH/FH 1.6 1.0 2.0 1.8
Total Ma.atenance DH/FH 2.3 2.3 2.5 2.3

The complete analysis is presented in Table B-1l of Section D.

B-3

N o
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On-Aircraft Component and System Mean Time to Repair (MTTR)
Data Item 08-010-5)

The MITR for corrective maintenence actions, as defined in the ORE
Handbook, is presented in Tables B-1l and B-2 of Section D. 7The analysis is
presented by total aircraft and malor subsystem for (1) the current calendar
quarter and ‘2) the total cumulative data. The analysis is further subdivided
tc permit repeir time comparisons between USAREUR, RVN and CONUS operations
fcr =ne atove calerndar periods. The analysis for component MITR is an exten-
sive data run and therefore is presented only for the cumulative 33 month
period at all operating locations combined. '

Based on corrective action data inputs from all locations for the 33
montas of the program, the cumulative average active e.iapsed repair time tor
the total CH-S4A system is as follows:

conys  * RV USAREUR ALL LOCATIONS

1.7 ars 2.0 hrs 2.0 hrs 1.9 hrs

Refer %o Tables B-2 and B-3 of Zection I fcr major subsystem breakout
and component analysis data run. Alsc, the MITR, and MITR, for the major
subsystems l1s grapnically displayed ir Figure B-., rage b-5.

L
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Model CH-54A

SYSTEM .
FUEL SYSTEM NAMN7.2
TRANSMISSION . Nas
powerpLan  NRRRRRAWN 42
FURNISHINGS ez
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FLIGHT CONTROL S 3.9
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ARFRAME: n
APP k@sa
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Average Manhours per Active Maintenance Downhour
ZDAta Item 05—010-35

The average active manhours per active msintenance downhour is pre-
sented for the total CH-5UA system in Tables B-1 and B-2, and for subsystems
and components in Table B-3, Section D of this report,

The analysis is presented for (1) the current calsndar quarter and
(2) the total cumulative data,. The analysis is further subdivided to permit
cogpparison between USAREUR, RVN and CONUS operations for the above calendar
periods.

Active maintenance manhours per flight hour are alsc of prime interest
in evaluating the weapon system characteristics. This value is cited along
with active manhours per downhour in the following summation of the 33 months
accunulated data.

CONUS RVN USAREUR  All Locations

MH/DW MH/FH MH/DH MH/FH MH/DH MH/FH MH/DH MH/FH

Corrective Maintenance 1.2 1.15 1.9 0.91 1.4 0.72 1.8 0.95
Preventive ‘aintenance  3.b  5.36 3.0 5.4 2.4 L.8o 3.0 5.4
Combined 2.9 6.51 2.8 6.37 2.2 5.52 2.8 6.36

Spares Cannitaiization .13 0.07 Q.20 0.09
Total 6.64 6.k 5.72 6.45
Jeta nput totals for the above calculated values are shown in Tables

B~1 and B-z of Section D,

A4 further aralysis by maintenance levels of the sbove active MH/FH
for *he 37 months accumulated data, exciuding cannlibvalizations, is as follows:

All
CONUS RVN USAREUR  Locations

Org. Level - Corrective MH/FH 0.78 0.68 0.25 0.68

Org. Level - Preventive MH/FH 5.32 5.28 L,76 5.21
Sub-total 6.10 5.96 .01 5.95

Direct Support ~ Corrective Mi/FH 0.37 0.23 .47 0.27

irect Support - Preventive MH/FH 0.0 0.18 0.0b Q.14
Sub~total 0.4l 0.1 0.51 0.41
Total 8.51 6.37 5.52 8. 36

B-6
L&) S-49
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4 Availsbility and Utilizetion

SUMMARY

F () The data submitted within this section includes the following cate-
; gorles:

. Inherent Availability
. Achieved Availability
. Operational Availability
. Mean Configuraticn Change Time
L . Average Flight Hours
Average Flight Duration
Averasge Turnaround Time

. Each additional recurring quarterly report will be provided with an
inereasingly larger sample of accumulated data on which to base these tabu~
lations und averages.

Included in this report are tables showing the types of missions
flown as coded in the field and identified in the ORME Handbook, Appendix 1~5.
These tables identified as Aircraft Utilization - Flight Time and Mission
Type (Tables C=38 thru C-34) are located in the Appendix Section for refer~
ence.
et

Flight dats as shown in D~B and D-C Tables reflectg only that flying
time on the airsraft under cognizance of the Operations Reliability Engineer
in the rield and no* <“he total flying hours of ail CH-S54A aircraft for the
program period.

based on analysis of 33 months <«ccumulated deta, resultant values
' of “he above charscteristics are summarized as follows along with the net
change from that of the previous quarterly report.

CHARACTERISTICS Vealue Trend
Inherent Availability 57.2 «10.7%
. Achieved Aveilability 89.2% +0.3%
* Operational Availability 5l.3% +0.2%
Mesn Configuration Change Time (Elapsed 0.h4 $0.0
Hours)
Average Flight Hours/Quarter/Aircraft 69.3 -1.0
Average Flight Duration-Hours 2.6 +0.1
Average Turnaround Time (Elapsed Hours) 0.2 +0.0
' The operational and inherent avallability is graphically displayed in

Figures C-1 and C~2, peges C-9 and C~10, resspectively.

'ai% 5-51
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Inherent Availabilit
[Data Item 08-010-7)

The inherent availability, as defiped in the ORE Handbook, is a
measurement of availability in terms of inherent reliability (MTBF) and
average repair times for those malfunctions used to calculate that relia-
bility. It is expressed by:

MTBF
WIBF + MITR,

Ai =

The inherent avallability is shown below for the total 33 month
cumulative data:

Cumulative Data
33 Monthe

All Locations 3rd Qtr 1970

Flight Time, Hours® W7,994 3,001
wuunvity of Primary Fajiiuregh#® 11,6L0 667
WIHEL nsurs L,12 L, 49
oowntime for Failures®*, Hours 37,662 2,247
WTTER,, Hours + 3.23 3.36
.nnerent Avallacility 56..% g7.2%

The cumulstive {33 months) inherent availavcility has dropped 11.7%
cwing o a sign.ficant increase in MITR ,The 3rd quarter Inherent availability
has alsc dropped (12.2%) endirng an upwa?d trend which was apparent since the
Ltk quarter '69. The 3rd quarter 70 MITR_ has also increased significantly
as has tre failure rate and downtine relStive to quantity of primary fsilures.
The inherent availabllity trend by calendar quarters is shown in Figure C-2,

page C-~10,
» From Table B-1
bl Prom Table A~l, excludes corrective actions not clarsed as primary
failures. Total corrective actions cited in Tablec 3~1 and B~2.
+ Total primary failure active elapsed maintenance time/total primsvy
~ i fallures, o
[y Q.
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Achieved Avallability

Achieved Availsbility (Aa) as defined in MIL-STD-TT78 differs from
Inherent Availability (Ai) in that Al deals only with equipment operating
time, primary failures and the associated failure repair time, vhereas, Aa
includes cperating time, ready time, failure repsir and preventive inspec-
tion time. Therefore, one explanation of Aa i{s to define it as & more in-
clusive version of Ai, with no new factors introduced which are not directly
a function of the designed reliability und/or the pre-~planned maintenance
cycles. Achieved Availability .8 expressed as:

MTBM
MTBM+M

Aa =

where:

MTBM = Mean-Time-Between-Maintenance consisting of (for a given
cqlendar interval) the sum of the operating time and operationally
ready %ime divided by the sum of the corrective and preventive mainten-
ance actions performed.

7 = Mean Active Maintenance Downtime consisting of (for a given
culendar interval) the sum of the active corrective and preventive main-
venance downtime divided by the sum of the corrective and preventive
meivtenance actions performed (excluding cannibalization actions and
assceiated downtime) and where all supply, support equipment snd admin-
istrative downtime is considered to be operationally ready time.

tnus:

Operating Time + Ready Time
Corrective Actions + Preventive Actions

Operating Time + Corrective Downtime + Preventive Downtime
Corrective Actions + Preventive Actions

Operating Time + Ready Time
Operating Time + Ready Time + All Maintenance Downtime

Qperating Time + Ready Time
Total Elapsed Time

Using the above definition for MI'BM sand M and the further derivation
for Aa, it 15 seen that Aa can also be defined as Operational Availability (a8
defined by the ORE Handbock and MIL-STD-T78) with the supply, support equip-
ment and administrative downtime treaved as operationally ready time.

Cl -
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The Achieved Availability shown belov for the current quarter and
for the total 33 month cumulative data is bssed on the above defirition
and data from Tables C-2 through C-1T of Section D.

3rd Quarter Zumulative Data
1970 33 Months

Opera%ting Time + Ready Time (hrs) 38,747 514,531
Jorrective Actions Downtime (hrs) 3,144 69,881
Preventive Actions Downtime (hrs) 2,361 32,789
*Administrative Downtime (hrs) 1,718 169,3L9
#35upply Downt.me (hrs) 13,554 159,461
#*support Equipment Downtime (hrs) 2490 812

Total Operationally Ready Time 63,259 844,153
Tetal Eiapsed Time 68,784 946,823
Acnieved Availability 91.904 89.2%

#Tregved as Operationally Ready Time
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Operstional Availabilit
{Dats Item 0B-010~8)

The Operational Availability, as defined in the ORE Handbook, considers
flight and ready time and all downtime for maintenance, supply, and administra-
tive reasons, The detalled summations are presented in Tables C-1 through
C-1T, Section D. The trend by calendar quarter is shown in Table C-1 and
graphically in Figurea C-1 and C~2, pages C~9 and C-l0, respectively.

The tables of 3Section D present the dats for (1) the current calendar
quarter and (2) the total cumulative data. The analysis is further subdivided
to show comparisons between RVN, CONUS, and USAREUR operations for the above
calender periods.

The data inputs show the following operational availsbility, along with
the change from the previous quarter:

3rd Quarter ~ 1970

ALl
coNus A RN A USAREUR £  Locations
1, Operational
Availability: 53.5% =13.7% €2.2% +L.7% uB.7% -25.3% 56.3% -6.6%
2. ot Feady Jie Lo:
4, Prev. Maint. h.2%  +0.9%  L.O%  40.5% 1.2% -.05% 3.5%  +0.L%
b. Corr. Maint. 3.5% +1.0% 6.7% -6.6% 1.8% +0.2% L.6% -3.7%
c. Supply 29.4% +11.4% 7.3% ~6.8% 32.0% +21.L% <0.0% +5.5%
4. Admin. 9.4% +0.4% 19.8% +8.,0% 16.3% +4.2% 15.6%8 +wbL.L%
Total Not Ready: L6.5% 37.8% 51.3% L3.7%
33 Month Cumulative
1 Operatisnal
Availability: 5L.6% +0.2% 52.1% +0.6% 66.9% -2.9% S5L4.3% +0.2%
2. JNot Ready Due to:
a. Prev. Maint, 3.5% +0.1% 3.B% $0.0% 1.4% £0.0% 3.5% $0.0%
b. Corr. daint. L.1% -0.1% 9.8 ~0.2% 1.8% -0.1% T.4% -0.2%
e. Supply 22.0% +0.6% 14.9% ~0.3% 15.3% +2.9% 16.9% +0.3%
4. Admin. 15.8% ~0.8  19.4 ~0.1%  14.6% +0.1% 17.9% -~0.3%
Total Not Ready: L5 L% L7.9% 33.1% L5,7%

'&é‘i’i S-55
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The operationa] availability presentation readily shows excursions
from previous gquarterly report averages. Examinstion of the Tables of
Section D permits further isclation of gross changes by opersting theater
t0 specific aclivities.

3rd Quarter 1970

CONUS ~ The decrease (~13.7%) in operaticnul availability is due to increases in
maintenance, supply, and sdministrative dovntime.

ST T end R R o

RW - Operaticnal availability has increased (+4.7%) as a result of decreases
In mai: tenance and supply downtime.

USAREUR - The operational availability has decreassed significantly (-25.3%)
primarily due tc increases in supply downtime {+21.4%) and less significant
: increases in adminis*rative downtime.

ALL LLCATIONS - The oviorall operational availability showved e slight decrease
- [-6.6%) &8s & result of an incresse in supply, preventive maintenance, and admin~
{ istrative daowntime.

Cumulative -~ 33 Months

CONUS - The cumulative operstional availatility increased (0.2%) as a result of
a general decrease in administretive and corrective maintenance downtime.

RVN ~ An increase (+0.6%) in the cumuletive operational availability is the
result of e reduction in corrective maintenance, supply, and administrative
downtime.

USAREUR - Cverall operational availability decreased lightly due 1o a small
wars -
increase in supply downtime,

ALL LOCATIONS - The cumula*ive operaticnal avallability increased (+0.2%) as a
b iedetbui et - - . g ’
Yesu.+ of A decrease .n administrative, and corrective maintenance downtime.

Ana.ysis of sircraft downtime reported for supply shortages of components
was performed and the Tollowing iist cites the top ten contridutors to operational
unaveilability for supp.y reasons over the 33 month pericd of this report. Items
are ranked in descending order fcr the zombined operational theaters, and show
the reduztion of oversll availabilizy in the specified thesater due to shortages
of tne _isted comzonent.

I
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Rank Component CONUS
1 4 1 Engine Fuel Control 0.7%
P/% 5T107¢
FSN 2915-928-3906
P Tail Hotor Head Assy. 2.65
F/N 651.1-07000-0L7, -0uS
) £5110~07000-0L7
FSN 1615-975-0L75
3 Ciuteh Assy. APP 2.3%
P/N 8€137-91000-015, ~016,
~Q13
FSN 1615-915~T1u2
) ¢
“ Tall Fotcr Blade Assy. 0.3%
P/N 65160-00001-045 ,-0h2,-0L
FSN 1615-906-6051
5 Engine Modei T73-P-1 0.7%
. P/ LT22C0 & 6L30~-811C0~0L3
‘ FSN 284C-90L-ClLEL
& Main Rotor Head Assy. 0.1%
P/N €410220004~014,-015,-016
"3;".’ ’-C23 \“02“
TSN 1AIL6-GlHTILS
7 Cpeed Actuator 1.0%
Pl LIl CR06-100
F3IN 2995~-821-Cubl
Z Support Assy., Bearing 1.5%
B/ Aw35-67 0 8a01C
| 539003001
FEU L6154915-7713
3 Yair Peuer 3lade Assy. 0,5%
TN ORLIT.o0R -0k
FON L6LSBLi-6C77
. 10 Core, Flex Shaft 0.2%

/N 572781
FSN 2995-914~59L0

c-8

RN

0.9%

0.5%

REPORT NO._SER 64276 Rev J

USAREUR
L.3%

C.L%

0.0%

0.0%

0.¢%

0.0%

ALL

1.2%

0.9%

LOCATIONS

S~57
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Average Flight Hours per Aircraft
{Data Item 08-010-10)

Analysis of data processed from the Daily Flight Records, SA 978-3,
is shown in Tables ©-18 through C-26 of Section D. [he dats is presented
for (1) the current calendasr quarter, and (2) the total cumulative data.

The enalysis is further subdivided in these tables to show each
characteristic by USARRUR, RVN and CONUS to compare operational theaters.

The average flight hours accumulated on each aircraft by serisal num-

ber ana loca+*ion is shown in Table C-18. For all reported aircraft com=
bined, tne information is as follows:

3rd Quarter

1370 33 Months
Average Flight Hours Accrued Per Aircraft 68.2 761.8
Average Fiigh' Hours Accrued - L6.5 LEg .6
{3tandard Leviation)
Thig snows fonouthly average fiight noar per alrcraft of 23,1 nodrs based
or tne 32 munt o averade.

S=60 q‘i?

|
o
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Average Flight Duration
(Data Ivem (3-010-1il)

The average fligh% duration, with standard deviation, is displayed
in Table C-1f =7 Section U for each aircraft and all aircraf combined.
The data i{s preserted by 1) the current calendar quarter and {2) the
votal cuzmulative data.

Farther subdivisicns are displayed in Table C-12 tc show average
at adrazion in USABEUE, RVL and CCNUS for comparing operaticnai thea-

For all reported mircraft conoined, the infcormatiorn s as foilows:

3réd Quarter

1270 33 Months
Average Tlignt Juration 1.8 2,56
Average = nt o duraticn - 1. .3

- - ¢

a
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«

ABSTRACT

A total of thirty (38) assemblies have been presented and
discussed in the CH-53 Readiness Program ~wver the preceeding
2 year period. In this the eighth (8th) and last report under the
terms of the current contract, we will summarize some of the
major items which include:

l. Continue mini-course and audi-scan training programs to
help insure that maintenance personnel can attain a high
degrec of proficiency in the support of the various svstems
encompassed in the CH-53 helicopter.

+o

Review possibility of improving structural integrity of
lower personnel door.

3 Approve VLECP 7383 to expedite avatlability of long spline
drive shaft for the utility system hydraulic pump.

1. Approve Sikorsky l.etter SE 5064 requesting 1:CP coverage
to authorize carburizing internal arcas of nose gear box gears.

S. Continue ¢ valuation of PPG all glass and Goodvear composite
windshield panels.

6. Iixpedite concurrence with ECP 1HS-T62-029 to introduce
improved APU pressure switches into the supply svstem.

7. Madify in service clutch assemblics per LCP 7418,

<t
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Introduction

This report represents the eighth and last submittal under
Sikorsky Aircraft's CH-53 Readiness Program, These quarterly reports
authorized by MOD PO0102 to Contract NOOO19-68-C~0471. have been
prepared and distributed by the Readiness Group within the Product
Support Department under direction ot the CH-53 Model Manager,

The major statistical input of this group was 3M data supplied by
the Maintenance Support Office (MSO) through NATSF.  Both manual and
machine processing was used in reducing the data for analysis., 3M data
was used to determine high cost items on the CH-53 in terms of manhour
expenditures and component repairs, replacements,  NORS and N ORM data
was analyzed and top problem items in NORS, NORM and 3M reported
component failure areas identified, Once these top problem areas were
identified. further analysis was conducted to determine the exact nature
of the problem, Data inputs from a Sikorsky Readiness Representative.
stationed at NARF, North [sland. supplemented 3M data with information
concerning depot level maintenance. This supplemental data was sifted
and analyzed in vrder to pinpoint possible problem areas. Once identified.
thuse problems were attacked from a number of directions. Areas were

investigated with a view toward possible recommendations for:

i
PAGE
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(@) changes or revisions to MIMS and other handbooks, (b) development of

' Audi-Scan programs to assist in improving field maintenance techniques.
(c) initiation of SICR action to change procurement levels for parts/compo-

’ nents showing usage differing from programmed levels. (d) changes to
privrity listings for kit deliveries. (¢) ECP action to improve current de-
signs in order to increase readiness rates. Both short and long term

’ solutions were investigated with the intent of providing the most eftective
and expedient solution possible,

Close coordination was maintained between the Readiness Group

’ and other areas of Sikorsky Aircraft. Programs. Engineering. O&R.and
areas of Product Support including Supply Support. Field Support and
Technical Publications were kept abreast of the group's efforts to insurc

» coordinated and meaningful action on the part of Sikorsky Aircraft to

P improve operational readiness of the CH-53 helicopter.
)

o
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Report Format:

There are three basic sections within this report: abort rate data.
maintenance manhour data. and NOR hour data are included in the first
section, This information. gathered from the 3M system, is presented
in a graphic format.

The second section contains: a) impact analysis information on
sclected components.  Impact Analysis being a study of the logistics con-
nected with certain time control components.  Adequacy of spare parts
provisioning is studied taking into account various parameters such as
Time Between Overhaul (TBO), Aircraft Utilization Rates. Actual Mean
Time Between Removals for Overhaul (MTBR for Overhaul). Depot Turn
Around Time (TAT). aircraft and parts deliveries. etc. The output of the
study is a comparison of projected parts/component requirements versus
projected parts availability.  Obviously. any major difference between
the two outcomes would be cause for remedial action. (b) is devoted to
problems analysis of areas affecting the Operational Ready Rates for the
CH-33A,D aircratt,  The format consists of an investigation summary and
a number of action sheets stating particular problems. their effect on
readiness. maintenance manhours, ete. and recommended action to

alleviate these problems. Where an ECP is referenced. a tlow chart s

—
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included to reflect its status. 3M data is used as an information source
and an analytical atudy of this data indicates those areas where further
research is required. The data is ranked by systems as contributors to
NORS, NORM and component failure burdens for the aircraft. The major
problems are further studied in order to determine what actions can be
taken to improve the svstem or component.  This analysis forms the basis
ot the action sheets presented.

The third sectiun reflects the status of suggested actions to im-
prove readiness of areas discussed in carlier reports, These are present-
v ed in narrative form and include charts or graphs where their use adds

clarity to the presentation,
Details and background information, including the ranking deter -
’ mined from 3M data, are presented in the appendices. In this way the
cursory reader is spared the maze of nuinbers and charts while the in-
formation is made available for those who want. or have. to be aware of

(] these details.

Current Report

NOR and failure data for this report have an identical time frame:

January 197 through June 1971. The Abort Summary covers April 1971

through June 1971.

PAGE

{
b
tai



Sikorsky Rircraft e REPORT N0 PS 65-K-8

bC

The Airframe. Rotor System, l.anding Gear System. Transmission

System. Flight Control System and Power Plant Support System occupy
the first (6) positions in the system performance chart. and are responsible
for 38, 12% of all aircraft failures. based on MSO 4790. A2142-01 of 20
August 1971. All have been discussed in earlier reports.

Thirty -eight (38) assemblies responsible for significant contribut-
ions to CH-53 failure and NOR statistics have been discussed during the
past two years in the readiness reports. In this the eighth (8th) and last
report under the terms of the current contract. we will summarize some
of the major points presented in lieu of introducing additional problem
items,

1. Perhaps the greatest single item affecting aircraft readiness is
the quality of maintenance available at the field level. This of course re-
lates directly to the need for dynamic training programs. The personnel
attrition rate imposes considerable strain on any squadron’s qualified
roster but sophisticated systems such as those encompassed w the CH-53
cannot be maintained in the same manner as those aircraft designed and
fabricated a decade or two ago. This was evidenced when 3M data was
analyzed for the many assemblies we have discussed, such as:

a. The high cannibalization rate of AFCS components.

A
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b. The frequent entry in the action taken block "No Defect -

| ' Checked OK. "
¢. Mission aborts due to tires with "Bad or Worn Tread",
E "Skin Cracks" in the ramp. These should be detected

’ and corrected during scheduled aircraft maintenance
periods and not left for the flight crew to locate.

The training recommended by the conrractor includes Audi-Scan

' and Mini-Courses on selected trouble spots and OfT on all phases of maint-

enance tailored o the CH-53 helicopters,
] 2. The process from "Need for an Improvement to Incorporat-

! ion of that Improvement” is too costly timewise. Analysis conducted during

preparation of these reports emphasized the need for more expedient

' methods for completing ECP actions. (i.e.)

a. Sikorsky lLetter of Intent SEI. 5154 was forwarded to NASC
in October 1970. The contracte - is not in receipt of

' either confirmation or 12jection correspondence. l.eter
SEIL. 7733 is similarly in process having been forwarded
to NASC in January 1971,

' b. Sikorsky Letter SE 593 dated 12 February 1968 started
the ball rolling to madify engine nacelle aft panels which
were becoming charred due to exhaust impingement

N 6
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encountered under certain operational conditions. It
wasa not until November 1970 that improved pancls were
installed on production aircraft. Kits for retrofit of
in-service aircraft are scheduled for availability in
February 1972,

¢. It became apparent. shortly after deployment of the
CH-53. in 1967. that rhe matri~switches in the AFCS
control panel would not function in the sandy environment
of SEA. An ECP was submitted to NASC in June 1971
which recommended installing protective boots to
preclude dust contaminarion of rhese assembilies.

These few incidents have been mentioned only to point out the
length of time required to complete ECP projects and amplify the need for
an accelerated procedure to implement beneficial modifications to an
aircraft system,

3. The abort rate for the CH-53 has displayed gradual impiove-
ment over the 3 years (84, 317 flight hours) reviewed under this contract
as noted in the abort graph in gection one (1) of this report. The new or
short plot of lines shows that aborts. when analyzed and adjusted to exclude
erroneous entries from the 3M basc cdata. have reached the Sikorsky pre-

dicted MTBA of 50 flight hours, (. 020 Aborts /Hr)

-
’
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The balance of the report is devoted to problems reviewed
previously to highlight areas where additional effort might further improve
dircraft readiness.

Fleet wide operationally, ready rate statistics have been omitted
from this report in order to maintain its ynclassified status. Readiness
information is available from other sources and unless a strong need for
this type of information becomes evident. it will not be included in this or

future reports.
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DEFINITIONS

Mean Time Between Removai for Depot Overhaul/Repair (MTBR)

The Mean Time Since New or Overhaul of components being
veturned to a depot level facility for any reason. Components returned
without TSO information are disregarded. NOTE: The number so
generated cannot be used as a true reliability figure for the component
twcause it will include returns for such items as maintenance or handling

damage. etc.

3M Reported Failure

Maintenance Actiora reported in 3M card codes 11, 21, and 31

having Action Taken Codes 1 through 9, B, C, or Z,

Depot Turn Around Time (TAT)

Time elapsed from rececipt of component at depot facility until

component returned to RFI status,

"Timely Tip_g"
A Sikorsky developed and prepared directive designed (o keep our

Field Support Representatives abreast of new maintenance techniques, etc.

shee
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"Sound Off"

An intermal document used to provide comments from our repre-

sentatives in the field to up date and improve Sikorsky publications.

Abreviations and Definitions

AFC Airframe Change
ASO Aviation Supply Office
BUNO Bureau Number
ECP Enginecring Change Propusal
IGB Intermediate Gear Box
IMA Intermediate Maintenance Activity
LES L.ocal Engineering Specification
MAG Marine Air Group
MEA Maintenance Engincered Analysis
(MEAR)
MGR Main Gear Box
. MR Main Rotor
MTRR Mean Time Between Removal for
Depot Overhaul, Repair
NARF Naval Air Rework Facility !
' NATSF Naval Air Technical Services
Facility
NASC Naval Air Systems Command
"

PAGE 5_89
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NOR
NORIS
NORM

NORS
O&R

ojT
PMRC

RF1
SEA
SICR
SS
TAT
TBO
TGB
TR
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Not Operationally Ready
North Island, California

Not Operationally Ready -
Maintenance

Not Operationally Ready - Supply
Overhaul and Repair
On job Training

Periodic Maintenance Requirement
Cards

Ready for [ssue

South East Asia

Supply Item Change Record
Sikorsky Standard

Turn Around Time

Time Between Overhauls
Tail Gear Box

Tail Rotor
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SECTION |

ABORTS - NOR - MAINTENANCE MANHOURS

This section of the Readiness Feport presents Abort, Not Operation-
ally Ready, (NOR) and Maintenance Manhour (MMH) data 1n a readily unde -
standable graphical form. The dara is grouped by two (2) digit work unit
codes (WL'C), 1.u. 0 arrcratt sub-system - - airframe, tlight controls,
drives and transmyssions, ete. - - and 18 presented i WUC order,  Aborts,
NOR and MM charged to each work unit code are shown as a percentage of
total in their particular category.  The abort period covered by this report
i~ April, May, and |une 1971, the information having been retrieved from
3M data tapes received by Sikorsky.  The graph presented in this section
reflects aborts per hour (experience versus predicted) for the CH-53A
and ). The abort rate line 1s computed using as a starting point September
1969 and K4 837, 4 total flight hours.

Durirg the period October 1969 - December 1969 the abort rate was
. 03904 per 9, 784, 0 flight hours (total flight hours 94, 621, 4) o1 one (1)
abort every 25, 613 flight hours,

During the period January 1970 - March 1970 the abort rate was
. 03353 per 8, 706, % flight hours (otal flight hours 103, 38K, 2) or one (1)

abort every 29, 819 flight hours,

§-91
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During the period April 1970 - june 1970 the abort rate was . 03021
per 13, 370. 5 flight hours (total fhight hours 116, 758.7) or one (1) abort
every 33. 095 flight hours.

Nuring the period July 1970 through September 1970 the abort rate
was . 04100 per 9. 999, 5 flight hours (total flight hours 126, 75K. 2) or one
(1) abort every 24. 389 flight hours,

The abort rate during the period October 1970 through December
1970 was . 03744 per 9,132, 5 flight hours (total flight hours 135, 891, 0)
or one abort every 26. 704 flight hours.

The abort rate during the period January 1971 through March 1971
was . 03286 per 10, 133, 6 flight hours. (Total flight hours 146, 024. 6) or
one abort every 30. 431 flight hours,

The abort rate during the period April 1971 through june 1971 was
. 04485 for 93K6. 7 flight hours. (Total flight hours 155,411, 3) or one
abort every 22, 297 flight hours: which represents an increase in the abort
rate for this report period.

A detailed analysis of the data base covering both flight and ground
aborts revealed that 44. 8§97, of the recorded abort actions were the direct
result of poor maintenance techniques. lack of aircraft familiarization,

or inequities in the 3M reporting system, The last chart in this section
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of the report includes additional “"Plots” which reflect the "Adjusted’” abort
rate.

Attention is directed ro this curve. covering four (4) quarters. July
1970 through June 1971, While the ""Recorded” abort actions cuntinue in
an erratic course the "Adjusted” curve reflects a steady decline. This
clearly highlights the need for a continuing vigorous training program to
kecp all field level peirsonnel knowledgeable and highly efficient so that
the need for maintenance can be detected and accomplished during schedul -
ed maintenance periods and not left to be identified by flight crews which
invariably results in aborted missions.

NOR data was extracted trom 3M tapes covering October 1970
through March 1971, The maintenance manhour data base is a 3M report
generatea by MSO and also covers CH-53 operations from January 1971
through June 1971, Reference MSO-4790. A2142-1 655-02 of 20 August.
1971,

In this report maintenance manhours for the CH-53A and CH-53D
aircraft are grouped together since the relative rankings by WUC arc
nearly identical. See the Chart of Appendix C. Independent rankings will
be made for each following report and it any significant differences oceur

they will be highlighted.
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This section provides an accurate indicatton of which arcas of the
CH-53 are consuming manhours and reducing availability through aborts

and NOR conditions,
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SECTION i
IMPACT ANALYSIS - INVESTIGATION SUMMARY

The Impact Analysis section of the report studies the logistic con-
siderations of time control components of the CH-53. The concept 1s not
complex but the outcome is significant.

Impact analysis starts with an estimate of fleet requirements for
time control components for a specified period. The object is to derermine
the number uf new or overhauled spare components that will be required
to support 1009 utilization in the fleet. There are several parameters
that must be taken into consideration. These include such items as:
number of aircraft. new aircraft deliveries. monthly flight hour standards.
depot outputs, etc. The other major parameter is defined as Mean Time
Between Removal (MTBR) for Oveihaul and is the Time Since QOverhaul
(TSO), for components returning to a depot for any reason. This number
is not a reliability figure for the component because it will include returns
for such items as handling or maintenance damage. etc, What is determin-
ed is the length of time that an average component is available at the user
level. Components which are removed for local repair are not considered
since they remain at or near the usage site and are expected to be available

on a short turn around time,
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Fleet requirements can be estimated by dividing the flight hour
estimate by the MTBR for Overhaul/Repair. This number of components
must then be supplied from the output of Depot facilities and from new
spare deliveries. Any difference between requirements and nrojected
deliveries is cause for further analysis and remedial action.

A description of the derivation of the actual numbers, flight hours,
and MTBR for overhaul. is contained in Appendix B.

The component investigation portion presents a comprehensive
analysis of systems, sub-systems, or components which are adversely
affecting aircraft readiness.

3M data forms the base for this section of the report. Two
different 3M reports are used to generate the data. A special read-out of
the 3M tape supplied to Sikorsky Aircraft provides NOR data. Report
number MSO-4790. A2142-01 655-02. "'Reliability and Maintainability
Summary" provides failure, maintenance action. and manhour data, The
data is ranked by contributions to NORS, NORM and component failures and
then cross-indexed to show interrelationshins between the three catagories.
Top problem areas are then chosen for analysis. See Appendix C.

Analysis starts with a search for gpecific reasons or causes which

account for the high ranking of the component. Sikorsky Field Support

22
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Representatives reports and reports from the Sikorsky Readiness
Representative at NARF, North isiand provide much of this information.

Once specific causes are isolated. a search begins for possible
sulutions. Solutions are analyzed with the assistance of Product Support
and Supply Support and recommendations are formulated.

The text of this section describes the problem areas and presents
the recommendations. Following the text are Activon Sheets which summan -
ize individual problems and the required action to alleviate that specific
probiem. Flow Charts are included to reflect the actual status of refer -
enced ECP's highlighting required action and established responsibility.
However. since no new items arc being introduced in this . the eighth (8th)

report, no impact analysis or investigation summary will be presented.

23
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APPENDIX B
IMPACT ANALYSIS DATA

1. Derivation of MTBR for Overhaul

A survey of all components processed through the depot facilities
since the beginning of the CH-53 program is constantly being conducted.
Inputs are being received from Sikorsky Readiness Representatives at
NARF, North [sland and from the Sikorsky O& R Production Control Depart-
ment, Components received at a depot without Time Since Overhaul
information are disregarded unless the time can be otherwise ascertained.

It should be noted that the numbers so generated do not reflecr
component reliability, since all causes for return to a depot facility are
considered, including no-defect components, handling or maintenance
damaged components, etc., are included in the survey. The intent here is
not to define a reliability number for the component but to accurately study
the loss of RFI components from the fleet supply system for any reason,

Computation is affected on the date noted on the chart. This data is
used as an additional tool to assist in igolating areas for analysis and is

considered when selecting assemblies to discuss in the Readiness Report.

80
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2. Derivation of Predicted Flight Hours

As of 30 November 1971, 232 aircraft were in inventory (strike air-
craft having been eliminated). [t is assumed that approximatcly S aircrat
will be added to inventory during the balance of calendar year 1971, Hased
on past history, 2 additional strikes are agsumed for 1971, A Unilization
Standard of 30. 00 flight hours per month per aircraft has been used.

Predicted flight hours per month are obtained by muluplying the
average number of aircraft in the fleet for each month by the utilization
standard. A summation of monthly totals Jeads to a gross cstimate ol
54, 360 flight hours for the year with allowances for anticipated NARF PAR
induction schedules and known storage periods considered. It should be

noted that the flight hour estimate assumes 1007 utilization.
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Reference:
(a)
®)
1.

REPORT NO. PS 65-K-8

APPENDIX C
NORM, NORS AND FAILURE ANAL.YSIS

Reliability and Maintainability Summary - - MSO-4790,
A2142-01 dated 20 August 1971, The failure statistics re-
flected are based on maintenance and flight data for the period
from January 1971 through Junc 1971, This summary was
selected for the generation of data for the eighth CH-53

Readiness Report and provides the latest complete accum-

ulated information available.

High NORM/NORS Data Base - - read out of 3M tape
supplied to Sikorsky Aircraft reflecting data on all fifth
level WUC's. This summary also covers the period from

January 1971 through June 1971,

NORM, NORS Items Ranking

(a)

Identification and ranking of sub-system WUC's is based on
the contribution of the WUC ijtem, measured in hours, to

the total reported NORM hours. The percentage of contri-

84
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bution the item makes o the total NORM hours is also given,
() WUC ranking for NORS items is developed in the same

manner as for the NORM items,

R
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2. Failure Ranking

B e Rttt

nerorT nOo.  PS 65-K-8

(a) Twenty-seven (27) system work unit codes are ranked by

the number of failures the specific WUC contributed to the

overall number of failures reported. The percentage each

system contributed is also shown,
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3.

resonrt no.  PS 65-K-8

High NORM, NORS and Component Failure Ranking

(a)

®)

The preceding NORM, NORS and Component Failure Charts
have been combined here to facilitate comparison. The

high fourteen (14) WUC's for each category were sclected.

(Ref. Chart One).

The second chart shows the interrelationship of the WUC's
referenced on their respective NORM, MRS and Component
Failure Rankings. The 42 codes were consolidated into

15 parent system WUC’s for this presentation.

PAGE

.

5 :

o A v - v

-t
i



s

5 Eh
. i
mm (su10441y) ddv 000+ ura1sAg [e014195[] 000zy  Atddng 1amod o1ineapAy msﬁ
WM waIsAg "unuo) Ji o019 wosAg 1e09 Buipue] 00U 1 wa1s4g [an 000yt
\ N wdunsedwo) o3ejasny 3 9T4¢ SIMMIYY "OSHN D006 wa3sA§ [e0111097 8] 8784
w21sAg Buny3drg OOOFTE swo1sAg BuniyBr-g 000+ uotzediaeN otpey 00012
Souepng pole.daiug 0 LC "1,384] Weig 19m0d o006Z BIUSWINIISU] 000 1<
| SaUIBUY Jeys oqan |, 0M0zZZ (suioqity) ddv 000¥Z "1.38U] ueld 19mod 00Ne7
sU3WIN138U} 000I¢ saurduy Yeys oqing 000zZ 3oueping palesrdaiu] O0K3-¢
uoneSiseN oipey 00012 JwetyIry 00011 wa184g 1830 Juipuey 000¢ 1
“1.38u] el 39m0g 00062 wIsAS ‘wwo) JH 00019 (3uroqaly) ddv 000tz
S[o41uo0)) 8114 000+ 1 uoileBiseN olpey 00012 wietyity 00Tt
"BUBLL/SaALI(f MY 00092 "SURL ]/ SBALIL M. Y 0009 saurdug yeys oqanj, 00077
waisAg 1ean Juipue | 000¢1  wawiredwo) aBejasn | 000z 1 ‘suel}/sSoAli(d MM 00097
wa1sAg 1030y 000S 1 sfo43u0) 34 00+ [ s[0.11u0) yB11 4 000 [
aweljary 00011 WIISAG 1010y 00061 WwaIsAS 1010y 00 1
HUNLVIINIWON DM MINLVIDONIWON DM TINLVTIONTWON 2aMm
: SAYNTIVA WALSAS SHON INYON
ONINNVYH Fd. Y11V INFLSAS NV ‘SHON ‘IWMON HOIH
m - - [ Y [ ] & [ ] (2 L &> >




Ty rw e d vw - vw

*181] aandadsas sy uo teadde jou pIp WAl s3ledipuj O
"OWNILSIT FHNTIVA 10 SHON ‘WHON 2a110adsaut uo pareadde wan £318d1py] X

‘sitodas ¢ 9yl Jo arow 10 oml uo dueseadde swal Yl Aq PaUTWIIIGP Sem LIBYD A04e 2 ul Suiyusy

"[9A3] WSIBAS AN 0 LY YHD ONDXIVYE YN VI WALSAS ‘SUON ‘WaON 98ed snotsaxd
ay: uo uMoYS S, DM oY1 SulleplioSuod Ag POALISP BB DAOQE P3AQLIDSIP SIPOD JIUN YIoM wIsAs ¢1 3y L

95

Report No.
PS 65-K-H

| X X X uolie3iaeN o1peY 0001L
v X X o wialsAg uolzedtunwwo)) dH Qo0 1Y
| X 0 X aouepinn pajesdalu} 000.LE
X o X SIUaWINIISU] 00018
X X o swa1shg Sunydig 000%¥
o) X X W91SAS [EI111091] 000zt
X X X weg 13mod 00067
x X X saaLIa m/Y 00097
b X X (autoqary) ddv 000t¢
X X X sautBug yeysg oqany 0002T
X X X WwaIsSAg 1030y 00051
x X X sj013u0) Y3113 000F 1
X X X wa1sAg 1ean Juipue] 0008 1
X X o siuaunyedwo) aBerosn g 00021
X X X aurellaty 00011
SN TIVA NFLISAS SHON WHON FUNLVIONIWON oMM
SAUNTIVA WHLSAS ‘SHON ‘WYON J0O dIHSNOILV TANH A INI o
g




